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ABSTRACT
EFFECTS OF FI ELD-DEPENDENCE/INDEPENDENCE AND SEX ON PATTERNS OF 
ACHIEVEMENT AND GRADING IN A FIRST-SEMESTER CALCULUS COURSE
by
TIMOTHY JOHN KELLY 
U n ive rs i t y  o f New Hampshire, September, 1985
The purpose o f  t h i s  study was twofo ld:  f i r s t ,  to inves t iga te
e f fe c ts  of f ield-dependence/ independence ( f - d / i ) ,  sex, and d i f f e r e n t  
types o f audiovisual remedial i n s t ru c t io n  on mathematics achievement 
(Experiment I ) ;  second to  inves t iga te  the e f fec ts  of student and 
grader cogn i t ive  s ty le  ( f - d / i )  and sex on calculus te s t  grades 
(Experiment I I ) .
One hundred f i f t y  f i r s t - se m e s te r  ca lculus students, i d e n t i f i e d  by 
an a lgebra/t r igonometry  p re tes t  as requ i r ing  tr igonometry remediation, 
served as subjects f o r  Experiment I .  As measures of f - d / i ,  the Group 
Embedded Figures Test (GEFT) and The M in ia tu r ized  Rod and Frame Test 
(MRFT) were administered to the subjects , who were apportioned in to  
s ix  experimental  groups, represent ing three remedial condit ions: 
d ia log ,  monolog, and co n t ro l .  Fol lowing each o f the f i v e  s l ide - tape  
sessions, subjects were posttested on the tr igonometry s k i l l s  pre­
sented during the session. The calculus u n i t  t e s t  requ i r ing  t r i g ­
onometry measured ca lcu lus achievement.
Analyses revealed s i g n i f i c a n t  co r re la t ions  between GEFT and MRFT, 
and between these measures and mathematics achievement, w ith  d i f f e r e n t
x i v
co r re la t io n a l  patterns fo r  men and women. M u l t i v a r ia te  analyses o f 
covariance ind icated s i g n i f i c a n t  main e f fe c ts  favor ing  women on the 
postsession measures. Other s i g n i f i c a n t  main and in te ra c t io n  e f fe c ts  
are discussed. Within the female group, treatment appeared to favor 
low and midrange scorers on the GEFT.
For Experiment I I ,  41 ca lcu lus u n i t  exams, th a t  had been graded 
in  a face - to - face  student/grader arrangement, were selected fo r  
analys is .  Ava i lab le  f o r  the analys is  were p re te s t ,  GEFT, and MRFT 
scores fo r  the students, and GEFT and MRFT scores fo r  the graders.
The 41 exams were cleaned of a l l  grader markings and regraded in a 
non-face-to- face s i tu a t io n  by another group o f 41 graders. Un ivar ia te  
analyses o f covariance revealed a s i g n i f i c a n t  grader GEFT x grader sex'  
x student sex in te ra c t io n  in  the face - to - face  s i t u a t i o n ,  and a 
s i g n i f i c a n t  student MRFT e f f e c t  in  the non-face- to- face  s i tu a t io n .  
Grades given in the face - to - face  s i t u a t i o n  were s i g n i f i c a n t l y  higher 
than grades in the non- face- to- face s i tu a t io n .
Results suggest th a t  the GEFT and MRFT produce d i f f e r e n t  patterns 
of s ig n i f i c a n t  e f fec ts  in  ana lys is ,  and th a t  GEFT and MRFT may have 
d i f f e r e n t  p re d ic t i ve  value f o r  each of the sexes.
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CHAPTER I
THE RESEARCH PROBLEM IN GENERAL CONTEXT 
Overvi ew
Two o f  the most conspicuous tasks faced by educators are, unques­
t io n a b ly ,  the d e l i v e ry  o f  i n s t r u c t i o n  and the eva luat ion of learn ing. 
In the present study, the in format ion processing s ty les  of learners 
and evaluators have been inves t iga ted  fo r  poss ib le  relevance to these 
two tasks. The dimension of in format ion processing exp lo i ted  in  th i s  
in v e s t ig a t io n  is commonly i d e n t i f i e d  by i t s  poles, f ie ld-dependence 
and f ie ld - independence, and is genera l ly  c l a s s i f i e d  as a cogn i t ive  
s t y l e . When re fe r r in g  to  the f ield-dependence/ f ield- independence 
cogn i t ive  s ty le ,  we sha l l  use the abbrev ia t ion f - d / i .  The most popu­
la r ,  though somewhat o ve rs im p l i f ie d  in te rp re ta t io n  o f f - d / i  construes 
an i n d i v i d u a l ' s  p o s i t io n  on the f - d / i  continuum as in d ic a t i v e  of a 
tendency towards an a n a ly t i c  ( f ie ld - independen t)  versus global ( f i e l d -  
dependent) approach in  processing external or in te rna l  s t im u l i .  In 
other words, a r e l a t i v e l y  f ie ld - independent  i n d i v id u a l ' s  percept ion of 
a st imulus f i e l d  is  character ized by a tendency to approach the f i e l d  
as a compound of cons t i tuen ts  th a t  are d isc re te  from one another and 
from the f i e l d  as a whole. A r e l a t i v e l y  f ie ld-dependent i n d i v id u a l ' s  
percept ion o f a st imulus f i e l d  is  marked by a tendency to  accept the 
f i e l d  as a given organized whole, requ i r ing  no fu r th e r  analysis o f 
p a r t - t o - p a r t  or pa r t - to -w ho le  re la t ionsh ips .
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2The purpose o f  the present study was twofo ld : 
i )  to  explore re la t io n s h ip s  among f - d / i ,  sex, and achieve­
ment in  mathematics, fo l lo w ing  d i f f e r e n t  types of 
audiovisual remedial i n s t r u c t i o n ,  and
i i )  to  examine main and in te ra c t io n  e f fe c ts  of students'
and graders1 co g n i t ive  s ty les  and sex on calculus te s t  
grades.
Cogni t ive Styles
The study o f cogn i t ive  s ty les  has produced one ra the r  imposing 
chapter in the epic o f ind iv id u a l  d i f fe rences research. Over the past 
four  decades, several cogn i t ive  s ty le  dimensions have been suggested, 
each a l le g in g  to i d e n t i f y  ce r ta in  stable  in format ion processing char­
a c te r i s t i c s  responsible f o r  in d iv id u a ls '  id io s y n c ra t ic  patterns of 
response to the co g n i t i ve ,  and in some cases socia l  and psychological 
demands of the environment. Among the more wide ly  researched dimen­
sions are se r ia l ism  vs. holism (Pask, 1969, 1975), im p u ls iv i t y  vs. 
r e f l e x i v i t y  (Kagan, Rosman, Day, A lb e r t ,  & P h i l l i p s ,  1964), leve l ing  
vs. sharpening (Gardner, Holzman, K le in ,  L in ton, & Spence, 1959), and 
f ield-dependence vs. f ie ld- independence (W i tk in ,  Dyk, Faterson, Goode- 
nough, & Karp, 1962).
There is  frequent disagreement as to the precise nature o f a 
cogn i t ive  s ty le ,  and whether a given cons truc t  covers a broad enough 
range o f ind iv idua l  func t ion ing  to warrant the term s t y l e . For example, 
in  discussing the communalit ies o f the " t ru e "  cogn i t ive  s ty le s ,  Messick 
(1982) claims tha t  cogn i t ive  s ty les  are v a lu e -d i f fe re n t ia te d  since
3"each s t y l i s t i c  extreme has adaptive value but in d i f f e r e n t  circum­
stances" (p. 9) ,  and th a t  they represent w i th in  the ind iv idu a l  s e l f -  
cons is tent ways o f "organ iz ing and processing in format ion and e xper i ­
ence" (p. 3), which are " n o t . . . e a s i ly  modif iab le  by t u i t i o n  or t r a i n ­
ing" (p. 4 ) ,  which pervade "co g n i t i ve ,  pe rson a l i t y ,  and in terpersonal  
domains" (p. 4 ) ,  and which are "spontaneously appl ied w i thou t  con­
scious considerat ion of choice in a wide v a r ie ty  o f s i tu a t io n s "  (p.
5). Consistent w i th  t h i s  viewpoint is  Messick's re lega t ion  of 
se r ia l ism /ho l ism  to the status of a cogn i t ive  s t ra tegy (s ince an 
ind iv idua l  can be t ra ined  to choose consciously between a s e r i a l i s t  
vs. h o l i s t  approach in response to s p e c i f i c  s i tu a t io n a l  requirements),  
and leve l ing/sharpening to the status of cogn i t ive  contro l  (s ince i t  
is  va lue-d i  rec t iona l  and re fe rs  to a speci f i c  aspect o f cogn i t ive  
func t ion ,  namely memory.)
Over the past 35 years, such problems of taxonomy have apparent ly  
f a i l e d  to impede a ra the r  headlong and, in some cases, impetuously 
charted program of ap t i tude  treatment in te ra c t io n  (ATI;  Cronbach,
1967) or t r a i t - t r e a tm e n t  in te ra c t io n  (TTI;  Di Vesta, 1973) research 
employing cogn i t ive  s ty le  as an apt i tude or t r a i t  va r iab le .  On the 
basis of sheer number of studies publ ished, the f - d / i  cons truc t  has 
been the most ex tens ive ly  explored of a l l  the cogn i t ive  s ty les  
(W i tk in ,  Oltman, Cox, Ehrlichman, Hamm, & R ing ler ,  1973; W i tk in ,  Cox, 
Friedman, Hr ish ikesan, S iegel,  1974; W i tk in ,  Cox, & Friedman, 1976;
Cox & Wi tk in ,  1978; Cox, 1980; Cox & Ga l l ,  1981.)
4Field-Dependence/Independence: A B r ie f  In t roduc t ion
The f - d / i  cons truc t  has undergone several changes in  scope and 
emphasis over the past 35 years. These changes were p re c ip i ta te d  in 
pa r t  by the large body o f research alluded to above, but are p r im a r i l y  
the e f fe c ts  o f an aggress ively  waged and a r t i c u l a t e l y  documented 
campaign o f theory b u i ld in g  and rev is ion  on the pa r t  o f  Herman Witk in  
and his  associates.
Witk in  developed two types o f performance measures o f  f - d / i :  
o r ie n ta t io n  tasks, such as the Rod-and-Frame Test (RFT; W i tk in ,  1946a), 
and a v isual  disembedding task, ca l led  the Embedded Figures Test (EFT; 
W i tk in ,  1950a). The RFT measures an i n d i v id u a l ' s  a b i l i t y  to overcome 
the d i s t r a c t i n g  in f luence of a t i l t e d  frame when asked to move a rod 
w i t h in  the frame to a po s i t io n  represent ing true v e r t i c a l .  In the 
te s t in g  s i t u a t i o n ,  the only objects v i s ib l e  to the subject are the rod 
and the frame, and hence the only cues ava i lab le  f o r  p o s i t io n in g  the 
rod c o r re c t l y  are the visual  f i e l d  defined by the frame, and the 
g ra v i t a t io n a l  f i e l d  defined by the sub jec t 's  k ine s the t ic  responses to 
the downward force of g rav i ty .
In the EFT, the subject  is required to re ta in  a simple geometric 
shape in  memory, and then to  locate i t  in a complex f ig u re  in  which i t  
has been s t r u c t u r a l l y  ass im i la ted,  and thus percep tua l ly  "h idden."
The e a r l i e s t  conceptua l iza t ion o f the f - d / i  cons truc t  was based 
on the observat ion of in d iv id u a ls '  se l f -cons is tenc ies  across a v a r ie t y  
o f o r ie n ta t io n  tasks such as the RFT (Wi tk in ,  Lewis, Hertzman, Machover, 
Meissner, & Wapner, 1954). The researchers viewed f - d / i  as a continuum 
associated w ith  the tendency to r e ly  on in te rna l  g ra v i t a t io n a l  re fe rents
5( f ie ld - independent )  vs. external v isual  re fe rents  ( f ie ld -dependent)  in 
loca t ing  t rue upr ight .  Later ,  when i t  appeared tha t  performance on 
the o r ie n ta t io n  tasks cor re la ted  w ith  performance on the v isua l d is -  
embedding task (EFT), they general ized f - d / i  to be a perceptual 
a n a ly t i c  a b i 1 i t y  tha t  accounted fo r  d i f fe rences in in d iv id u a ls '  pro­
f i c ie n c ie s  in separat ing an ob jec t from an organized f i e l d .
Though e s s e n t ia l l y  the same performance measures have been used 
since the ear ly  days o f f - d / i  research, the construc t has been recon­
ceptual ized several times in  response to re su l ts  extending i t s  a p p l i ­
cat ion from the purely  perceptual domain in to  i n t e l l e c t u a l ,  so c ia l ,  
and psychological domains as wel l  (W i tk in  e t a l . ,  1962; W i tk in ,  
Goodenough, & Karp, 1967; Witk in  & Goodenough, 1976; W i tk in ,  Moore,
Goodenough, & Cox, 1977; W i tk in ,  Moore, Oltman, Goodenough, &
Friedman, 1977; Witk in  & Goodenough, 1977; Witk in  & Goodenough, 1981). 
When Witk in  began using the term cogn i t ive  s ty le  to describe f - d / i  
(W i tk in ,  1964; Witk in  et a l . ,  1967), he ceased re fe r r in g  to f - d / i  as 
an a b i l i t y  dimension and, in f a c t ,  began a ra ther  ser ious campaign to 
emphasize i t s  i d e n t i t y  as a s t y l e . In t h e i r  most recent fo rmula t ion 
o f f - d / i ,  Wi tk in  and Goodenough (1976, 1981), p e rs is t  in c la s s i f y in g  
f - d / i  as a s t y l i s t i c  dimension (a cogn i t ive  s t y l e ) ,  but now 
conceptual ize i t  as the r e la t i v e  autonomy with  which an ind iv idua l
funct ions.  However they suggest two lower order dimensions which they
re fe r  to  as a b i 1 i t i e s : interpersonal competency and cogn i t ive  re-
s t ru c t in g  s k i l l .  Let us make the fo l low ing  three observat ions in  the 
l i g h t  o f these somewhat con t rad ic to ry  c la s s i f i c a t i o n s :
Witk in  and Goodenough have termed cogn i t ive  re s t ru c t in g  
an a b i1i t y  dimension. This appears to be in response 
to c r i t i c i s m s  cla iming th a t  the EFT and RFT are not 
measures of pure ly  s t y l i s t i c  ind iv idua l  d i f fe rences.  
Cronbach (1960) reports  th a t  the Embedded Figures tes ts  
co r re la ted  0.35 to  0.60 w i th  a b i l i t y  tes ts  such as 
Block Design, Number Series, and Thurstone's tes ts  of 
the spa t ia l  fa c to r "  (p. 360). Factor a n a ly t i c  studies 
(Pemberton, 1952; Messick & French, 1975) suggest tha t  
hidden f igu res  tasks, of the type used in the EFT, load 
on a f l e x i b i l i t y  of c losure fa c to r  o f general i n t e l l i ­
gence; t h i s  re s u l t  is widely  accepted. Even Witk in  and 
his associates (1962) repor t  s im i la r  resu l ts .  In a l l  
cases f ield- independence is  associated with  greater  
a b i 1 i ty .
That in terpersonal  competencies p e rs is t  in being im p l i ­
cated w ith  f - d / i  is cons is ten t  w ith  the large body of 
research in d ic a t in g  tha t  r e l a t i v e l y  f ie ld-dependent 
ind iv idu a ls  d isp lay  greater  in te re s t  in interpersonal 
s i tu a t io n s  and demonstrate more h igh ly  developed social  
in te ra c t io n  s k i l l s  than t h e i r  f ie ld - independent 
counterpar ts (Messick & Damarin, 1964; Ruble &
Nakamura, 1972; Bogo, Winget, & Gleser, 1970; E l l i o t t ,  
1961; Oltman, Goodenough, W i tk in ,  Freedman, & Friedman, 
1975; Crandall  & Sinkeldam, 1964; Bard, 1972; Wi tk in  & 
Goodenough, 1977).
i i i )  That f - d / i ,  in  the l i g h t  o f i and i i  above, is  con­
strued by Witk in  as a s t y l i s t i c  dimension is  somewhat 
perplex ing. Throughout t h i s  repor t  the terms cogn i t ive  
s ty le  and f ield-dependence/ independence w i l l  be used 
interchangeably; t h i s  merely re f l e c t s  acquiescence to 
common usage ra the r  than any conv ic t ion  on the pa r t  o f  
the researcher th a t  f - d / i  is in fa c t  a s t y l i s t i c  dimen­
sion. A more formal and precise development of the 
conceptua l iza t ion  o f  f - d / i  which guided the present 
research w i l l  be o f fe red  in chapter I I .
Three Recurrent Themes in Field-Dependence/Independence Research: 
Restructur ing A b i l i t y ,  In terpersonal Competencies, and Sex D i f fe rences -
Restructu r ing A b i l i t y
That f ie ld- independence is  re la ted  to perceptual and i n t e l l e c tu a l  
r e s t ru c tu r in g  a b i l i t y  has been suggested by many studies invo lv ing ,  
f o r  example, speed of closure (Messick & French, 1975), perceptual 
constancy (Gardner, Jackson, & Messick, 1960), Piaget ian conservation 
(Pascuale-Leone, 1969), concept attainment (Nebelkopf & Dreyer, 1973), 
set breaking (Guetzkow, 1951), as wel l  as perceptual perspect iv ism 
(Okonj i & Olagbaiye, 1975), conceptual perspect iv ism (F u t te re r ,  1973), 
and syn tac t ic  disambiguation (Goodman, 1971).
In designing studies o f  f - d / i  th a t  focus on i t s  cogn i t ive  
re s t ru c tu r in g  component, the assumption is usual ly  made th a t  r e la ­
t i v e l y  f ie ld - independen t  in d iv id u a ls  w i l l  show a greater  capacity than 
r e l a t i v e l y  f ie ld -dependent in d iv idu a ls  in s t ru c tu r in g  prev ious ly
unstructured st imulus f i e ld s  or r e s t ru c tu r in g  f i e ld s  tha t  are already 
s t ruc tu red .  F ie ld  dependent ind iv idu a ls  are genera l ly  expected to 
accede to the dominant re fe rents  in the given st imulus f i e ld .  
Experimental designs in studies o f teaching and learn ing genera l ly  
r e f l e c t  the expectat ion tha t  f ie ld-dependent ind iv idu a ls  w i l l  b e ne f i t  
from s i tu a t io n s  th a t  provide compensatory s t ru c tu r in g  mechanisms 
(Schwen, 1970; Koran, Snow & McDonald, 1971; W i tk in ,  Moore, 
Goodenough, & Cox, 1977; Scott ,  Smith, & Rosenberg, 1981). This 
expectat ion is sometimes substant ia ted (Koran e t a l . ,  1971) and some­
times not (Scot t  e t  a l . ,  1981).
Interpersonal Competencies
The r e l a t i v e l y  greater  socia l  o r ie n ta t io n  o f f ie ld-dependents is  
a wel l  documented re s u l t .  For example, studies have demonstrated the 
f ie ld -dependen t 's  penchant fo r  s e le c t i v e ly  attending to the faces o f 
others (C ru tc h f ie ld ,  Woodworth, & A lbrecht,  1958; Messick & Damarin, 
1964; Ruble & Nakamura, 1972), and to verbal messages conta in ing 
inc iden ta l  social  in format ion (Eagle, Fi tzg ibbons, & Goldberger,
1966), fo r  repressing h o s t i l i t y  towards others (Bogo et a l . ,  1970; 
E l l i o t t ,  1961), f o r  ad jus t ing  t h e i r  rate of speaking to tha t  o f t h e i r  
partners in  speech (Marcus, 1970), and fo r  being more w e l l - l i k e d  than 
r e l a t i v e l y  f ie ld - independent  ind iv idu a ls  and more he lp fu l  in c o n f l i c t  
reso lu t ion  s i tu a t ion s  (Oltman e t a l . ,  1975). In general,  r e l a t i v e l y  
f ie ld-dependent persons d isp lay  behaviors in d ic a t in g  greater  i n te re s t  
in in terpersonal  s i tu a t io n s  (Crandall  & Sinkeldam, 1964; Bard, 1972) 
and in careers favor ing in te rpe rsona l /nonana ly t ica l  s k i l l s  (C lar ,
91971). That t h i s  o u te r -d i re c te d  (o r  o th e r -d i re c te d )  behavior can 
func t ion  as an asset or a l i a b i l i t y  to  the f ie ld -dependent perceiver  
has been exh ib i ted  in  a v a r ie t y  o f studies in v e s t ig a t in g  the f i e l d -  
dependent1 s use o f  external cues in s i tu a t ion s  possessing some 
inherent ambiguity. For example, in a concept atta inment study (Ruble 
& Nakamura, 1972), f i e l d  dependent students showed greater  s e n s i t i v i t y  
to a s o c ia l l y  mediated cue (necessary fo r  success fu l ly  determining the 
concept) than d id the f ie ld - independen t  students. However, when such 
a cue was no longer re levan t  to the task, the f ie ld - independen t  
students proved to be more successful  in d iscover ing the concept.
A study by Linton (1952) revealed th a t  f ie ld -dependents 1 
estimates o f  a u to k in e t ic  movement were fa r  g reater  (and hence less 
accurate) in  the presence of erroneous in format ion provided by a 
"p lanted"  confederate. This study is  in te rp re ted  by Wi tk in  and his 
associates (W i tk in ,  Moore, Goodenough, & Cox, 1977) as demonstrat ive 
o f the "responsiveness o f  f ie ld-dependent persons to external social  
re fe ren ts ,  p a r t i c u l a r l y  in  s i tu a t io n s  in which there is some 
ambiguity" (p. 11). In some s i tu a t io n s  th i s  re l iance  on external cues 
is product ive , but in  other  s i tu a t io n s  i t  can lead the f ie ld-dependent 
to an in co r re c t  dec is ion.
Sex Dif ferences
Small d i f fe rences  are f requen t ly  observed in  the performance of 
men vs. women on tes ts  o f  f - d / i ,  w ith  women sometimes reported to be 
more f ie ld-dependent than men (DeRussy & Futch, 1971; B ie r i ,  Bradburn, 
& Gal insky, 1957; Bogo e t a l . ,  1970; Witk in  e t a l . , 1967), though not
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always (S tu a r t ,  Breslow, Brechner, I l y a s ,  & W o lp o f f ,  1965; Wil loughby,
1967). Vaught (1965) demonstrated a p o s i t i v e  re la t io n s h ip  fo r  both 
men and women between m ascu l in i ty  (associated w ith  mechanical and 
s c i e n t i f i c  i n te re s ts  and w ith  a preference fo r  the a n a ly t i c  and 
impersonal) and f i e l d  independence, measured by the RFT. DeRussy and 
Futch (1971) reported t h a t  col lege-age female science majors were 
found to be s i g n i f i c a n t l y  more f ie ld-dependent (measured by the EFT) 
than male science majors, s i g n i f i c a n t l y  more f ie ld - independen t  than 
female l i b e r a l  a r ts  majors, and not s i g n i f i c a n t l y  d i f f e r e n t  from male 
l i b e r a l  a r ts  majors. B ie r i  e t  a l .  (1957) found s i g n i f i c a n t  sex 
d i f fe rences  in  favor  o f  males on the EFT, and s i g n i f i c a n t  c o r re la t io ns  
fo r  both men and women between mathematics ap t i tude  and EFT 
performance. They conclude tha t  super ior mathematics ap t i tude fo r  the 
male subjects was p a r t i a l l y  responsible fo r  d i f f e r e n t i a l  performance 
on the EFT.
A review o f  the studies in tending to demonstrate re la t ionsh ips  
between the cogn i t ive  s ty le  sex d i f fe rence  and soc io log ica l  fac to rs  
have not been convincing (Waber, 1977). The high loading o f  EFT on a 
v i s u a l - s p a t ia l  f a c to r  has been suggested as the basis f o r  sex d i f ­
ferences in f - d / i  (Sherman, 1967; Maccoby & Ja c k l in ,  1974). However, 
Waber (1977) suggests th a t  the c o r re la t io n  o f spa t ia l  a b i l i t y  w ith  
f i e l d  independence might ind ica te  th a t  the two are a f fec ted  by s im i la r  
b io lo g ic a l  fa c to rs ,  and c i te s  e x is t in g  data consonant w ith  the theory 
tha t  maturat ional ra te  may account f o r  d i f fe rences  in f - d / i .
I t  is  understandable there fo re  th a t  in the methodology of f - d / i  
research, one f re q u en t ly  f inds  tha t  separate analyses are conducted
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fo r  men and women. This approach is  reminiscent of S ig e l 's  ra t iona le  
(1965) fo r  separate-sex analyses o f cogn i t ive  data. Such an approach 
can make i t  d i f f i c u l t  to assess sex d i f fe rences on a sp e c i f ic  task.
The approach taken in the present study al lows sex to be entered as a 
fa c to r  in a l l  analyses, thus pe rm i t t ing  the de tect ion of s i g n i f i c a n t  
sex d i f fe rences.
Measures o f F -d / i  ( RFT; EFT): Two Tests or Two Constructs?
Despite W i tk in 's  ea r ly  claims regarding the high degree o f cor­
r e la t io n  between the RFT and EFT (Witk in  e t a l . ,  1962), several sub­
sequent studies have reported s u b s ta n t ia l l y  lower co r re la t io n s ,  in the 
range of 0.3 to 0.6 (Vernon, 1972; Dubois & Cohen, 1970; Gough &
Olton, 1972; Arbuthnot,  1972). The widely accepted re la t io n sh ip  
between EFT and ce r ta in  measures o f general in te l l i g e n c e  has been 
referenced e a r l i e r  in t h i s  chapter. In 1976, Wi tk in  and Goodenough 
admitted the p o s s i b i l i t y  of the d is t in c t ive n e ss  of fac to rs  invo lv ing  
c l o s u r e - f l e x i b i 1i t y  (associated with  the EFT) vs. percept ion o f the 
upr igh t  (as measured by the RFT). Dubois and Cohen's (1970) sug­
gest ion tha t  performance on the RFT is less contaminated by 
in te l l i g e n c e  than the EFT was supported in Vernon's (1972) fa c to r -  
a n a ly t i c  study repor t ing  r e l a t i v e l y  low loadings o f RFT scores on 
fac to rs  o f general or spa t ia l  a b i l i t y .
What then does the RFT measure? I f ,  indeed, i t  is a t ra ce r  fo r  
behaviors other than the obvious a b i l i t y  to determine the up r igh t ,  
what sor ts of behaviors might these be? Pascuale-Leone and his asso­
c iates (Pascuale-Leone, Goodman, Ammon, & Subelman, 1978) character ize
12
f ie ld-dependents as being less capable o f se lec t ing  s t ra te g ies  appro­
p r ia te  to the performance o f a task a t hand. They a t t r i b u t e  th i s  
de f ic iency  to  the existence o f a weak " i n t e r r u p t "  func t ion  - a 
func t ion  responsible fo r  i n te r ru p t in g  the a p p l i ca t io n  o f  schemes tha t  
are i r r e le v a n t  fo r  a task. Linn (1978) demonstrated th a t  performance 
on the RFT measured one's a b i l i t y  to se lec t  the appropr ia te  s t ra tegy  
fo r  problem so lu t io n ,  when s a l ie n t  but i r r e le v a n t  s t ra te g ies  were 
i m p l i c i t  in the problem. In 1981, Linn and Kyl lonan repor ted re su l ts  
o f a fa c to r -a n a ly t i c  study supporting the not ion th a t  EFT and RFT are 
associated w ith  two separate fac to rs :  EFT w i th  a co g n i t ive  re s t ru c ­
tu r in g  fa c to r ,  and RFT w ith  a fa c to r  associated w ith  s t ra tegy  selec­
t io n  in ambiguous s i tu a t io n s ,  where the dominant s t ra tegy  may be 
i r re le v a n t .  Linn and Kyl lonan suggest th a t  in  fu tu re  s tud ies i t  would 




The present study was designed to inves t iga te  some a pp l ica t ions  
o f  the f - d / i  construc t to mathematics learn ing and teaching at the 
co l lege leve l .  More s p e c i f i c a l l y ,  the in te n t  o f the study was twofo ld:
i )  to explore re la t ionsh ips  between f - d / i ,  sex, and achievement 
in mathematics, fo l low ing  d i f f e r e n t  types o f audio­
t u t o r i a l  remedial i n s t r u c t i o n ,  and
i i )  to examine main and in te ra c t io n  e f fe c ts  o f  students '  
and graders' cogn i t ive  s ty les  and sex on ca lcu lus  te s t  
scores.
The environment f o r  the present study was a h igh ly  s t ruc tu red  
f i r s t  semester calcu lus course o ffe red  during the spr ing term of 
academic year 1978-1979 a t the Un ive rs i ty  o f New Hampshire. Calculus 
lec tures were given three times per week in 1a rge-1ecture format w ith  
a l l  enrol  lees in the course (roughly 200 students.) assigned to the 
same lec tu re  sect ion.  A calculus t u t o r i a l  room, s ta f fed  by graduate 
students in the mathematics department, was open 50 hours per week.
I t  was there tha t  students could go fo r  help w ith  suggested exercises 
or quest ions re la ted  to the material  presented in class. No homework 
was co l lec ted .  A s tudent 's  grade was determined so le ly  by the student 
performance on four free-response u n i t  (hour ly )  tes ts .
I t  was deemed necessary to infuse the experimental environment 
w ith  features to which the f - d / i  construct  is  bel ieved to be sens i t ive  
(cogn i t ive  s t ru c tu r in g ,  social  loading, decision-making in an am­
biguous s i t u a t i o n ) ,  w ithout  a l t e r in g  in any s i g n i f i c a n t  way the over­
a l l  s t ruc tu re  o f the course. Two aspects of the course seemed 
p a r t i c u l a r l y  suscept ib le  to  analysis using f - d / i ,  namely the concur­
rent d e l i ve ry  of remedial in s t ru c t io n  in a mathematics resource 
center ,  and the face- to - face  grading of ca lculus u n i t  tes ts  by 
advanced undergraduate graders. The study was thus composed o f two 
experiments: Experiment I ,  concerned with  learn ing,  and Experiment
I I ,  concerned w ith  grading.
Experiment I :  Remedial In s t ru c t io n
At the beginning of the calculus course, students are pretested 
to determine t h e i r  status regarding p re requ is i te  algebra and t r i g ­
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onometry s k i l l s  thought to  be necessary fo r  success in the course. A 
student found lack ing in these s k i l l s  must s a t i s f y  a remedial requ i re ­
ment whi le  tak ing the ca lcu lus course. A f ive -sess ion  audio-visual 
minicourse, covering the basic concepts and s k i l l s  of t r igonometry had 
been prev ious ly  developed in monolog form fo r  t h i s  remedial purpose. 
For the present study an a l te rna te  presentat ion was designed to cover 
p rec ise ly  the same materia l  in p rec ise ly  the same sequence, but in 
teacher-s tudent d ia log  form. The expectat ion was tha t  the i n t e r ­
personal nature o f the d ia log  presenta t ion, together w ith  the i n c lu ­
sion o f quest ions (posed by the student in the d ia log )  s p e c i f i c a l l y  
designed to s t ruc tu re  the materia l  f o r  the learner ,  would work in 
tandem to provide a more p ro f i t a b le  learn ing experience fo r  the 
f ie ld-dependent learner.  The d ia log presenta t ion was thus designed as 
both a c o n c i l i a t o r y  and compensatory device which might appeal to the 
f i e l d  dependent's socia l  p r o c l i v i t i e s  and c o g n i t i v e -s t ru c tu ra l  
de f ic ienc ies .
Experiment I I :  Grading
Grading o f the four  u n i t  tes ts  in the Calculus I course is done 
by advanced undergraduates. Each te s t  is  graded immediately a f t e r  the 
student f i n is h e s ,  in  a face - to - face  student-grader "con f ron ta t ion " .  
Although the grader is  provided with  a f a i r l y  we l1- d e t a i 1ed so lu t ions 
manual fo r  the te s ts ,  there is  concern tha t  the inherent ambiguity of 
students'  responses, and o f  the answer key i t s e l f ,  leaves a great deal 
to the imaginat ion o f  both student and grader. Therefore, the 
s i tu a t io n  seemed su ited to  te s t in g  fo r  cogn i t ive  s ty le  and sex match/
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mismatch e f fe c ts  on grading outcomes. Moreover, in the s p i r i t  o f  the 
Linton (1952) study and in  the e x te r n a l - r e l i a n c e - in - th e - fa c e -o f -  
ambiguity (W i tk in ,  Moore, Goodenough, & Cox, 1977) or the se lec t ion -  
o f - s a l i e n t - b u t - i r r e l e v a n t - s t r a t e g y  (Linn & Kyl lonan, 1981) aspects of 
f i e l d  dependence in  general,  one might expect r e l a t i v e l y  f i e l d -  
dependent graders to be more suscept ib le  as a group to the external 
pressure imposed by the student who ra t i o n a l i z e s ,  ca jo les ,  and pleads 
during the grading session.
The Research Questions
In in v e s t ig a t in g  the e f fe c ts  o f  cogn i t ive  s ty le  and sex on 
learn ing and the eva luat ion o f  lea rn ing ,  the present study had two 
major fo c i :  the extent o f  learn ing ,  re te n t ion ,  and t ra n s fe r  fo l low ing
matched- to-s ty le  audio-v isua l  i n s t r u c t i o n ,  and the extent o f s ty le -  
re la ted  biases in grading. Let us summarize by l i s t i n g  sp e c i f i c  
questions on which the foregoing l in e  o f reasoning is intended to 
converge.
Primary Questions
1. (Experiment I )  What are the e f fe c ts  o f  remedial t reatment condi ­
t ions  (d ia lo g ,  monolog, and c o n t ro l ) ,  cogn i t ive  s ty le ,  and sex 
upon three types of c r i t e r i o n  measures: post-session quizzes,
post-remedial  program tr igonometry  achievement t e s t ,  and delayed 
ca lcu lus achievement t e s t  drawing on knowledge o f tr igonometry?
2. (Experiment I )  Are disembedding tasks (e.g. the EFT) and o r ie n ta ­
t i o n  tasks (e.g. the RFT) equiva lent as cogn i t ive  s ty le  measures
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in producing patterns o f e f fe c ts  o f cogn i t ive  s ty le ,  sex, and 
modal i ty o f in s t ru c t io n a l  d e l i ve ry  on c r i t e r i o n  measures?
3. (Experiment I I )  How are ca lcu lus te s t  scores a f fec ted by 
students'  and graders'  cogn i t ive  s ty les  and sex?
4. (Experiment I I )  Are disembedding tasks (e.g. the EFT) and 
o r ie n ta t io n  tasks (e.g. the RFT) equivalent as cogn i t ive  s ty le  
measures in  de tect ing grader or student e f fe c ts  on calculus te s t  
scores?
Secondary Questions
1. Are there s i g n i f i c a n t  sex d i f fe rences present on e i t h e r  cogn i t ive  
s ty le  measure, the course p re te s t ,  or the u n i t  IV calculus test?
2. Are the same patterns o f cogn i t ive  s ty le  e f fe c ts  present in both 
face - to - face  and non-face-to- face grading s i tua t ions?
3. Are there s i g n i f i c a n t  treatment e f fe c ts  on the u n i t  IV calculus 
test?
4. Are scores given in the face- to - face  s i tu a t io n  s i g n i f i c a n t l y  
higher than scores given in  the non-face-to- face s i tua t ion?
CHAPTER I I
HISTORICAL AND THEORETICAL FRAMEWORK 
In t roduc t ion
Despite the p r o l i f e r a t i o n  o f  research on f - d / i ,  there is apparent 
in  the l i t e r a t u r e  a lack o f agreement, and o ften a lack  o f concern, 
over the t rue nature o f the cons t ruc t ,  and the cogn i t ive  processes 
th a t  i t  intends to expla in . For example, in 1963, Z ig le r  reviewed 
Psychological P i f f e r e n t i a t i o n  (W i tk in  e t  a l . ,  1962), a book attempting 
to place f - d / i  in the context  o f  the broad organismic construc t  i n d i ­
cated in  the t i t l e .  W i tk in ,  Goodenough, and Oltman (1979) summarize 
the d i f f e r e n t i a t i o n  concept as fo l lows:
B r i e f l y  s tated, d i f f e r e n t i a t i o n  is a major formal property  of 
an organismic system. A less d i f f e r e n t ia t e d  system is  in  a 
r e l a t i v e l y  homogeneous s ta te ;  a more d i f f e r e n t i a t e d  system is  
in a r e l a t i v e l y  heterogeneous s ta te . A system th a t  is  more 
d i f f e r e n t i a t e d  shows greater  se l f -n o n s e l f  segregat ion, s i g n i ­
fy ing  d e f i n i t e  boundaries between an inner core o f a t t r i ­
butes, fe e l in g s ,  and needs i d e n t i f i e d  as the s e l f ,  and the 
outer wor ld , p a r t i c u l a r l y  o ther people. In a less d i f f e r ­
en t ia ted  system, in  co n t ra s t ,  there is  greater  connectedness
between s e l f  and others (p. 1127).
Z ig le r ' s  review, e n t i t l e d  A Measure i_n Search o f a Theory, c a l l s
in to  serious quest ion the th e o re t ica l  basis fo r  and u t i l i t y  o f the
d i f f e r e n t i a t i o n  concept as explanatory o f performance on W i tk in 's  
perceptual measures, such as the Rod-and-Frame Test (RFT) and the 
Embedded Figures Test (EFT). Later,  in 1970, Dubois and Cohen pub­
l ished resu l ts  o f a study exp lo r ing  the re la t io n s h ip  between measures 
o f  f - d / i  (RFT and EFT) and measures o f  i n t e l l e c tu a l  a b i l i t y .  They
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concluded th a t ,  "a considerable gap s t i l l  ex is ts  between empir ical  
f ind ings  on f ie ld- independence and t h e i r  adequate conceptua l iza t ion"  
(p. 415), and th a t  the dimension " i s  c e r ta in l y  not very c le a r l y  ex­
pla ined at t h i s  po in t "  (p. 415). More recen t ly ,  Linn and Kyl lonan 
(1981), in exp lo r ing  the nature o f the f a c to r - s t r u c tu ra l  d i f fe rences  
between the EFT and RFT, give motiva t ion fo r  t h e i r  f a c to r - a n a ly t i c  
inve s t ig a t io n  by remarking th a t ,  " In  sp i te  o f widespread in te re s t ,  the 
construc t represented by the various measures o f  FDI is not wel l  
understood" (p. 261).
In te r e s t i n g ly ,  even the harshest c r i t i c s  m o l l i f y  t h e i r  remarks 
w ith  words th a t  encourage fu r th e r  i nve s t ig a t io n  o f the construct.  For 
example, despite his methodological and conceptual c r i t i c i s m s ,  Z ig le r  
(1963) concludes, " there  is l i t t l e  doubt tha t  there is  something 
meaningful here" (p. 134), whi le  Dubois and Cohen (1970) temper t h e i r  
concerns w ith  the suggest ion th a t ,  " the dimension may ye t  hold un­
expected s ig n i f i ca n ce  as a broad explanatory cons truc t  in human per­
cept ion and behavior" (p. 411).
The ambiguity ev ident in  the l i t e r a t u r e  makes one th ing  p e r fe c t l y  
c lear :  i f  one is  about to undertake research on f - d / i ,  the f i r s t
o b l ig a t io n  is  to  i d e n t i f y  those human processes bel ieved to under l ie  
the cons t ruc t ,  and to  subs tan t ia te  t h i s  i d e n t i f i c a t i o n .  To def ine 
f - d / i  as th a t  which is  measured by the EFT and RFT serves l i t t l e  
h e u r i s t i c  value in  the design o f experiments. To def ine f - d / i  as a 
vague construc t d e s c r ip t i v e  of a global vs. a n a ly t i c  approach to  the 
environment serves even less. One goal o f the present chapter is  to 
trace the concep tua l iza t ion  of f - d / i  which served as a h e u r i s t i c  
d e f i n i t i o n  in generat ing the hypotheses o f the present study.
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A C r i t i c a l  Consideration of the F -d / i  Construct
Background
I t  was by v i r t u e  o f  t h e i r  close associa t ion w i th  ea r ly  Gesta l t  
psycholog ists th a t  the i n i t i a l  shapers o f  f - d / i  theory pursued a 
research program focused squarely on percept ion.
The ea r ly  Gesta l t  th e o r is ts  were guided by the conv ic t ion  th a t  i t  
was the mind's natura l  tendency to s t ruc tu re  and give meaning to 
experience (Hergenhahn, 1982). Perceptual phenomena o f fe red  p a r t i ­
c u la r l y  f e r t i l e  ground fo r  explor ing the p r in c ip le s  guid ing these 
mental processes, though a f requen t ly  overlooked tenet o f ea r ly  Gesta l t  
theory is  th a t  such p r in c ip le s  were claimed re levant to a l l  cogn i t ion .  - 
One such p r in c ip le ,  the law o f  Pragnanz (Koffka , 1935), pos its  th a t  a 
cogn i t ive  ob jec t  is  processed in such a way th a t  renders i t  as regu la r ,  
s tab le, and meaningful as possib le. Other Gesta l t  p r in c ip le s  have 
ready app l ica t io n  to quest ions o f f igure-ground re la t ionsh ips  in 
percept ion. For example, the p r in c ip le  o f c losure (which asserts th a t  
incomplete experiences tend to be processed as complete) is  respon­
s ib le  fo r  our seeing the square in  Figure 1, whi le  the p r in c ip le  of 
inclusiveness (which s tates tha t  the most dominant feature in a cog­
n i t i v e  f i e l d  is  the one w i th  the greatest st imulus value) explains why 
we may have d i f f i c u l t y  seeing the word "way" in Figure 2 or the simple 
shape on the l e f t  in Figure 3 once i t  has been in tegra ted  in to  an 
embedding f i e l d  on the r i g h t .
Figure 1. An example o f closure.
Figure 2. An example of inc lusiveness.
Figure 3. Sample o f  simple and complex f igu res  s im i l a r  to those 
used in  the EFT (W i tk in ,  Moore, Goodenough, & Cox, 1977, p. 5).
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I t  is perhaps appropr iate  to mention a t t h i s  po in t  th a t  the ear ly  
G e s ta l t i s t s  did not focus t h e i r  a t te n t io n  exc lus ive ly  on percept ion. 
For example, Max Wertheimer's most memorable work is not on percep­
t i o n ,  but ra ther  on problem so lv ing (Wertheimer, 1920). In t h i s  vein, 
Kanisza (1979) a r t i c u la te s  the Gesta l t  a t t i t u d e  towards problem so lv ­
ing, an a t t i t u d e  which may be o f i n t e re s t  to us in  understanding one 
possible bias a f fe c t in g  W i tk in 's  theory:
. . . t h e  b e l i e f  is s t i l l  very widespread tha t  in s ig h t  is 
proposed as a causal agent in reaching so lu t ions .  However, 
g e s ta l t  theory maintains th a t  i n t e l l i g e n t  so lu t ions  derive 
e s s e n t ia l l y  from a re s t ru c t in g  or from successive re s t ru c ­
tu r ings  o f the problem s i t u a t i o n ,  and g e s ta l t  research has 
attempted to e s tab l ish  the laws and precise causes o f these 
re s t ru c tu r in g  processes. In s ig h t  is  not one o f these causes, 
nor is i t  a force th a t  leads to re s t ru c tu r in g ;  on the contra ry ,  
i t  is  i t s  ( r e s t r u c t u r i n g 1s) consequence: through re s t ru c tu r in g ,
the s i t u a t i o n  becomes transparent.  In s ig h t  accompanies, but 
does not produce the so lu t ion  (p. 71).
I t  is  W i tk in 's  emphasis on cogn i t ive  re s t ru c tu r in g  th a t  has acted 
to u n i fy  the process o f conceptual iz ing and reconceptual iz ing f - d / i  
over the past 35 years. Let us now consider th a t  process in some 
d e ta i1.
F -d / i  from 1948 to the Present
Although the ea r ly  Gesta l t  th e o r is t s  were concerned with  "se t "  
and "past experience" in  t h e i r  study o f percept ion (Wertheimer, 1923), 
t h e i r  main in te re s t  lay not in the ro le  o f the perce iver ,  but in  the 
ro le  which f i e l d  fac to rs  ( c h a ra c te r i s t i c s  o f the f i e l d  i t s e l f )  play in 
the perceptual process (W itk in  e t  a l . ,  1954). Consequently they 
showed l i t t l e  i n t e r e s t  in  ind iv idua l  d i f fe rences  in  percept ion. Ty ler  
(1965) reports :
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The r ise  o f Gesta l t  psychology and i t s  signal success in 
c l a r i f y i n g  the nature o f  perceptual processes probably 
served also to play down the importance o f  ind iv idua l  
d i f fe rences.  Gesta l t  workers focused t h e i r  a t te n t io n  on 
phenomena fo r  which s t r i k i n g  s i m i l a r i t i e s  between subjects 
are the ru le  - apparent movement, f ig u re  and ground, 
tendencies toward closure and "pragnanz," the constancy 
e f fec ts ,  (p. 212)
Since the focus of Gesta l t  research was on the f i e l d  ra the r  than 
on the i n d iv id u a l ,  studies genera l ly  involved small numbers of subjects 
(Got tscha ld t ,  1926; Dunker, 1929) whose average performance was used 
to  der ive in format ion regarding some c h a ra c te r i s t i c  o f the perceptual 
f i e l d ;  intrasample variance or modal i ty  o f d i s t r i b u t i o n  were o f l i t t l e  
in te re s t .  Despite these tendencies, the Gesta l t  movement did "b r ing  
' r e a l i t y '  in to  a centra l  p o s i t io n  in  psychological theory" (W i tk in  e t 
a l .  , 1954, p. 496).
I f  the s p i r i t  of  ea r ly  f - d / i  research derived from the perceptual 
i n c l in a t io n s  o f  Gesta l t  theory, then i t s  i n t e l l e c t  was born o f  the New 
Look movement in percept ion. This movement sought to focus percept ion 
research on the c h a ra c te r is t i c s  of the perce iver ,  ra the r  than on the 
c h a ra c te r is t i c s  of the perceptual f i e l d .  Wi tk in  and Goodenough (1981) 
i d e n t i f y  Klein and Sch les inger ' s (1949) seminal paper, Where's the 
Perceiver in Perceptual Theory, as captur ing the essense o f the move­
ment. In tha t  paper, the authors emphasize the importance o f i n v e s t i ­
gat ing  ind iv idua l  d i f fe rences in the basic processes o f  percept ion, as 
wel l  as in d iv id u a ls '  c h a ra c te r i s t i c  pat terns o f  perceptual response, 
re fe r red  to as t h e i r  "pre fe r red  s ty les "  (p. 40). Wi tk in  and Goodenough 
summarize Kle in and Sch lesinger 's p o s i t io n ,  as wel l  as t h e i r  response 
to i t ,  as fo l lows:
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What K le in  and Schlesinger ca l led  fo r  instead was assignment 
o f a p ivo ta l  ro le  in  conceptua l iz ing pe rcep t ion -pe rsona l i ty  
re la t io n sh ip s  to  a centra l  adapt ing, regu la t ing  pe rsona l i ty  
s t ru c tu re ,  which enters in to  a l l  func t io n in g ,  inc lud ing  
perce iv ing. In our cu r ren t  view o f  f i e l d  dependence- 
independence as an expression o f  the extent o f d i f f e r e n t i a ­
t i o n  o f an i n d i v i d u a l ' s  psychological s t ruc tu re  we take 
p rec ise ly  t h i s  stance (p. 3).
In a r t i c u la t i n g  the movement from perceptual ob jec t to person as
the focus o f perceptual research, Witk in  and his associates (1954)
acknowledged the approval of the great Gesta l t  psycholog is t  Max Wertheimer
in the face of t h i s  new era of research:
In view of the predominant emphasis on f i e l d  fac to rs  in the 
G e s t a l t i s t s 1 own work, i t  is  i n te re s t in g  to note th a t  the 
e a r l i e s t  groundwork fo r  the study o f  ind iv idu a l  d i f fe rences 
in percept ion was l a i d  when one o f us was working with  
Wertheimer, who gave warm encouragment to  the f i r s t  e f f o r t s  
to inves t iga te  the p e rso n a l i t ie s  o f subjects w i th  d i f f e r e n t  
modes o f space o r ie n ta t io n ,  (p. 496)
One c a n ' t  help but observe the j o i n t  e f fe c ts  of the Darwinian 
theory of s e l e c t i v i t y  o f adaptive b io lo g ica l  func t ion ing  and the 
Gesta l t  perceptual theory in  the genesis o f t h i s  research movement.
P r io r  research e x p lo i t i n g  Darwinian s u r v i v a l i s t  not ions attempted to 
re la te  d i f fe rences  in  perceptual a b i l i t i e s  f i r s t  to b io lo g ica l  ad­
justment procedures o f  var ious species (Maier & Schnei r la,  1935), and 
then la t e r  to human soc ia l  adjustment constructs such as motiva t ion  
(Levine, Chein, & Murphy, 1942) and coping techniques (K le in ,  1951).
Extending Darwinian s u r v i v a l i s t  arguments in to  the realm of the 
i n t r a in d iv idu a l  c o n f l i c t  among competing s t ra teg ies  in ontogeny, one 
is led ra the r  n a tu ra l l y  to  the conclusion th a t  what survives in a 
sp e c i f i c  ind iv id u a l  are those mechanisms having the greatest adapt ive 
value fo r  th a t  i n d i v i d u a l ' s  cogn i t ive  and emotional adjustment to the 
environment. The research program o f  Herman Witk in  and his associates
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sought to explore i n d iv id u a ls '  d i f f e r e n t  s ty les  o f adapt ing to the 
cogn i t ive  and emotional demands o f the environment, by using per­
ceptual measures as t racers  o f such s ty les .  This research has spanned 
the l a s t  four  decades and during th a t  time has insp i red  the develop­
ment, m o d i f ica t io n ,  and expansion of a broad theory of psychological 
func t ion ing .  (Witk in  e t a l . ,  1954; Wi tk in  et a l . ,  1962; Witk in  & 
Goodenough, 1976; Wi tk in  e t a l . ,  1979; Witk in  & Goodenough, 1981). I t  
is in the framework of t h i s  theory tha t  the present study derives i t s  
meaning.
W i tk in 's  e a r l i e s t  research was i n i t i a t e d  in an attempt to e x p l i ­
cate observed ind iv idua l  d i f fe rences  in the manner in  which people 
perceive the up r igh t  in space (Witk in  & Ashe, 1948a; Witkin  & Ashe,
1948b; W i tk in ,  1949a; W i tk in ,  1949b; W itk in ,  1950b). An i n d i v id u a l ' s  
percept ion o f  true v e r t i c a l  is genera l ly  mediated by d i s t i n c t  v isual 
and bod i ly  impressions which coalesce in the act o f perce iv ing to 
provide a u n i f ie d  and accurate impression. In everyday experience 
these visual  and bod i ly  impressions are mutual ly  conf i rmatory , tha t  
i s ,  the impression o f t rue  v e r t i c a l  provided by one modal i ty is con­
f i rmed by the impression provided by the other.  To es tab l ish  possible 
d i f fe rences  in modal preference among ind iv idua ls  faced with  the task 
of determining true v e r t i c a l ,  W i tk in 's  ear ly  research exp lo i ted  three 
experimental  s i tu a t io n s  in  which the two standards of v e r t i c a l i t y  
would f a i l  to operate in tandem, but ra ther ,  would produce two d i s t i n c t  
(and c o n f l i c t i n g )  estimates of t rue v e r t i c a l .  Reliance upon one of 
these standards o f v e r t i c a l i t y  would e f fe c t  a r e l a t i v e l y  accurate 
est imation o f  t rue v e r t i c a l ,  whi le  re l iance on the other would not.
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In the f i r s t  experimental  s i t u a t i o n  (Wi tk in  & Ashe, 1948a) ca l led  
the Rod and Frame Test (RFT), the sub ject was seated in a t o t a l l y  
darkened room where the only ob jects v i s i b l e  were a luminous square 
frame and a luminous rod w i th in  the frame. The midpoint of the rod 
was pivoted at the center o f the frame, and the rod could be rotated 
clockwise or counterclockwise about i t s  center by both the exper i ­
menter and the sub jec t ,  whi le  the frame could be ro ta ted ,  inde­
pendently o f  the rod, by the experimenter only.  At the beginning of 
each experimental  t r i a l ,  the rod and frame were pos it ioned in  some
stage o f  r e la t i v e  t i l t  away from t rue v e r t i c a l ;  sometimes the rod was
al igned w i th  the frame and sometimes i t  was not. The subject  was then 
requested to ad jus t the rod to a p o s i t io n  th a t  would be perpendicular -
to the f l o o r  in the room.
In the second task (W i tk in ,  1949b), the subject was seated in a 
ch a i r  which could be t i l t e d  clockwise or counterclockwise by both the 
experimenter and the subject.  The t i l t i n g  cha i r  was pivoted at the 
midpoint o f one wal l  of  a small room. The room could be t i l t e d  i n ­
dependently o f the cha i r ,  but only by the experimenter. In t h i s  task, 
re fe r red  to as the Body Adjustment Test (BAT), or sometimes as the 
T i 1t ing-Room-Ti1t in g -C h a i r  Test,  the room and cha ir  were posit ioned by 
the experimenter in  several d i f f e r e n t  con f igu ra t ions  and in each 
instance the subject  was requested to ad jus t the cha i r  to a pos i t ion  
wherein the subject would be s i t t i n g  up p e r fe c t l y  s t ra ig h t .  In both 
the RFT and BAT the dominance of v isua l vs. g ra v i t a t io n a l  impressions 
could be measured by the accuracy o f an i n d i v id u a l ' s  responses in 
degrees dev ia t ion from t rue  upr igh t .  Reliance upon in te rna l  k ines the t ic
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or v e s t ib u la r  sensat ions r e s u l t in g  from the body's response to the 
force o f g ra v i t y  would y i e l d  an accurate estimate of t rue v e r t i c a l ;  
re l iance  upon external v isua l  s t im u l i  such as the t i l t e d  room in the 
BAT or the t i l t e d  frame in the RFT would tend to bias one's response 
away from true v e r t i c a l ,  in the d i re c t io n  estab l ished by the "upward" 
axis o f the t i l t e d  room or frame.
The t h i r d  task, which Witk in  (1950b) ca l led  the Rotat ing Room 
Test (RRT), provided a s i t u a t i o n  in which the extent o f  re l iance upon 
in te rna l  (b o d i l y )  vs. external ( v i s u a l )  re fe rents  could be measured, 
but in cons tras t  to the other two o r ie n ta t io n  tasks, inco r rec t  impressions 
o f  the up r igh t  were reported by those subjects re ly in g  upon in te rna l  
standards, whi le  those re ly in g  upon external standards were led to the '  
co r rec t  conclusion. In t h i s  task the subject was seated in  a cha ir  
which could be t i l t e d  clockwise or counterclockwise, and the cha i r  was 
p ivoted in  the center o f  the wal l  o f  a smal l ,  n o n - t i 1t i n g  room. The 
room was dr iven around a c i r c u la r  t ra ck ,  thus producing a resu l tan t  
force (upon the body of the sub jec t)  which is  the vector  sum of the 
induced " c e n t r i f u g a l "  fo rce and the t rue g ra v i t a t io n a l  force. While 
t r a v e l l i n g  on t h i s  t ra ck ,  the subject was ins t ruc ted  to ad jus t the 
ch a i r  so th a t  he or she would be s i t t i n g  up p e r fe c t l y  s t ra ig h t .  In 
th i s  s i t u a t i o n  the d i r e c t io n  of the force which normally gives r i s e  to 
a ( c o r re c t )  i n te rna l  impression of t rue v e r t i c a l  was exper imental ly  
a l te red  and hence the responses of those in d iv idu a ls  re ly in g  upon th is  
standard were sys tem at ica l ly  biased away from the d i re c t io n  o f true 
v e r t i c a l .  Since the wa l ls  of the room were kept in al ignment w ith  
t rue  v e r t i c a l ,  t h i s  task favored those who re ly  upon the external 
v isua l  framework ra ther  than t h e i r  in te rna l  k ine s the t ic  impressions.
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Results o f ea r ly  studies invo lv ing  these three o r ie n ta t io n  tasks 
revealed th a t  in d iv id u a ls  d i f f e r  markedly in  the extent of re l iance 
upon external vs. i n te rna l  re fe ren ts  as they attempt to determine the 
upr igh t  in space, and also tha t  w i th in -s u b je c t  performance tends to be 
cons is tent across tasks (Witk in  e t a l . ,  1954). The researchers postu­
la ted tha t  the observed se l f -cons is tenc ies  across tasks stemmed from 
an in d i v id u a l ' s  c h a r a c te r i s t i c  degree o f re l iance on external v isual 
vs. in te rna l  bod i ly  impressions in determining the d i re c t io n  o f true 
v e r t i c a l .  Wi tkin and Goodenough (1976) repor t  th a t  the terms " f i e l d -  
dependent" and " f ie ld - independen t"  were adopted as working labels  to 
describe, re spec t ive ly ,  these two con t ras t ing  modes o f perception.
Most o f the c o r re la t io ns  between pa irs  o f the three o r ie n ta t io n  tasks ' 
were reported to be s i g n i f i c a n t  (p < .01),  w ith odd-even r e l i a b i l i t y  
c o e f f i c i e n t s  and t e s t - r e t e s t  c o e f f i c ie n t s  ranging from about 0.7 to 
0.9 (W i tk in ,  e t a l .  1954).
At t h i s  po in t  in  the research program an attempt was made to 
extend the search fo r  in d iv idu a l  d i f fe rences from percept ion o f  the 
up r igh t  to other types o f  perceptual tasks. Wi tk in  and Goodenough 
(1976) expla in  the ra t io n a le  prompting th is  step. (Keep in mind the 
importance t r a d i t i o n a l l y  attached to s t ru c tu r in g  by W i tk in 's  
i n t e l l e c tu a l  fo re runners . )
In these fu r th e r  studies o f se l f -cons is tency  the lead was 
fol lowed th a t ,  wh i le  the three o r ie n ta t io n  tasks assessed 
re l iance  on f i e l d  or body, they could also be conceived to 
involve separation o f  an item (body or rod) from an organ­
ized f i e l d  (room or frame). This p o s s i b i l i t y  was checked 
through the use of perceptual tasks which required the 
subject  to disembed an item from an organized f i e l d  of 
which i t  was a p a r t ,  but which did not involve body - f ie ld  
ju x ta p o s i t io n  or percept ion o f the upr ight ,  (p. 5)
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The te s t  re fe r red  to a t the end o f  the previous passage is  the Embedded 
Figures Test (EFT), developed by Witk in  (1950a). This te s t  consists  
o f  items in which the subject must locate a known simple f ig u re  tha t  
has been in tegra ted in to  a la rg e r ,  more complex f i g u re .  What tends to 
conceal the simple f ig u re  s t r u c t u r a l l y  is  tha t  many o f  i t s  parts  also 
act as const i tuents  of other ( i r r e l e v a n t )  simple f igu res  contained in 
the complex f ig u re  (see Figure 3). Wi tk in  bel ieved th a t  to perform 
th i s  task the subject  needed to break up (analyze) the complex f ig u re  
in to  i t s  component parts  and to res t ruc tu re  the appropr ia te parts  in to  
an organized whole (namely, the desired simple f i g u re ) .  Wi tk in  and 
his associates (1954) reported th a t ,  in general, c o r re la t io n s  between 
EFT scores and scores on each o f the three o r ie n ta t io n  tasks (RFT,
BAT, RRT) were s i g n i f i c a n t  (p < .01 or £ < .05) and in  the expected 
d i re c t io n  f o r  both males and females, w ith  one except ion: a non­
s i g n i f i c a n t  c o r re la t io n  between RFT and EFT scores f o r  women. The 
fa c t  th a t  ind iv id u a ls  who al igned the rod w ith  the t i l t e d  frame or 
a l igned the body w ith  the t i l t e d  room in the o r ie n ta t io n  tasks also 
tended to have d i f f i c u l t y  determining the simple f ig u re  in  the complex 
g e s ta l t  led the researchers to hypothesize th a t  the f i e l d -  
dependence/f ield- independence construc t  represented a "perceptual 
a n a ly t ica l  a b i l i t y  which manifests i t s e l f  pervas ive ly  throughout an 
i n d i v id u a l ' s  perceptual fu n c t io n in g " ,  (W i tk in  and Goodenough, 1976).
At t h i s  po in t  the cons truc t  underwent a change of i d e n t i t y ,  from a 
s t y l e - o f - d e te r m in in q - v e r t i c a l i t y  to a more general overcoming­
embeddedness a b i1i t y  ( to  disembed rod from frame or simple f ig u re  from 
complex one).
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In moving from a pu re ly  perceptual to  a more cogn i t ive  in te rp r e ­
t a t i o n  o f f - d / i ,  W i tk in  r e l i e s  heav i ly  on the work of Glucksburg and 
Harr is  ( c i t e d  in W i tk in  e t  a l . ,  1962), whose studies of problem solv ing 
behavior suggested th a t  r e l a t i v e l y  f ie ld -dependent subjects ( e .g . ,  
those who tend to re ly  on the frame in the RFT, and the room in the 
BAT, and have t roub le  overcoming the in f luence o f the complex f ig u re  
in the EFT) have d i f f i c u l t y  in  so lv ing  problems th a t  require  one 
element o f  the problem be taken out i t s  obvious context and used in  a 
d i f f e r e n t  context  to e f f e c t  a so lu t ion .  These studies mark the entree 
of the f - d / i  cons truc t  in to  research on what was t r a d i t i o n a l l y  c l a s s i ­
f ie d  as i n t e l l e c t u a l  func t ion ing .
In Psychological D i f f e r e n t i a t i o n , Wi tk in  e t a l . (1962) reported a- 
ser ies o f  studies mainly using 12-year-old boys as subjects. The 
resu l ts  reported in  t h i s  book suggested th a t  f - d / i  (as measured by 
RFT, EFT, e t c . )  was a t r a c e r  f o r  a broad psychologica l construc t 
re fe r red  to as psychological  d i f f e r e n t a t i o n , and described e a r l i e r  in 
t h i s  chapter. I t  was be l ieved th a t  extent of psychological d i f ­
f e r e n t i a t io n  a f fec ted  behaviors in four  areas of func t ion ing :  1)
analys is  and s t ru c tu r in g  in  both perceptual and in t e l l e c tu a l  s i t u a ­
t io n s ;  2) sense o f  separate i d e n t i t y  in  socia l  i n te ra c t io n s ;  3) 
a r t i c u la t i o n  o f body concept (one's concept o f the d is t in c t ive n e ss  of 
body p a r t s ) ;  and 4) method of impulse contro l  and use of defenses.
The studies ind ica ted  th a t  the more h igh ly  d i f f e r e n t i a t e d  ( r e l a t i v e l y  
f ie ld - independent)  i n d i v id u a l ,  who d isp lays an a b i l i t y  to overcome 
imbeddedness in  perceptual tasks such as the RFT and EFT also was 
l i k e l y :  1) to overcome embeddedness in  i n t e l l e c t u a l  or problem-
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so lv ing tasks; 2) to func t ion  w i th  l i t t l e  guidance from, external 
sources and demonstrate subs tan t ia l  re l iance on in te rna l  standards, 
even in the face of con t ra d ic to ry  evidence; 3) to be aware o f the 
discreteness and in te r re la tedness  o f body par ts ;  and 4) to use 
spec ia l ized defenses such as i n t e l l e c t u a l i z a t i o n  and p ro je c t io n ,  
ra ther  than global defenses such as repression or denia l .
W i tk in 's  attempt to fo l low  Klein and Sch les inger 's  (1949) sug­
gest ion th a t  pe rsona l i ty -pe rcep t ion  researchers search fo r  a broad, 
organism-wide s t ruc tu re  in  terms o f which p e rsona l i t y  and percept ion 
could be in tegra ted ,  is  apparent in  the psychlogical  d i f f e r e n t i a t i o n  
const ruct.  I t  should be noted however tha t  i t  is p rec ise ly  th i s  
a l leged gene ra l i t y  th a t  has caused the most v i o le n t  react ions among 
c r i t i c s .
Witk in  f i r s t  used the term cogn i t ive  s ty le  in  1964 (W i tk in ,
1964), and intended tha t  the term represent the analysis and re s t ru c ­
tu r in g  aspect o f psychological d i f f e r e n t i a t i o n .  The word "cogn i t ive "  
seemed appropr iate because of the a p p l i c a b i l i t y  o f the concept to 
problems invo lv ing  perceptual and i n t e l l e c tu a l  func t ion ing .  The word 
" s t y le "  seemed appropriate  because i t  ind icated a c h a ra c te r i s t i c  
manner in which a person approaches a wide v a r ie ty  o f cogn i t ive  problems, 
and which is  s table  over t ime (W i tk in  e t a l . ,  1954; W i tk in  e t a l . ,
1967).
Several l a t e r  studies re in fo rced  the i n t e l l e c t u a l  nature o f "cog­
n i t i v e  s t y le . "  In p ro je c t i v e  tes ts  such as Rorschach ser ies ,  r e la ­
t i v e l y  f ie ld- independent ind iv id u a ls  were found to impose s t ruc tu re  
more re a d i l y  on the ambiguously organized s t im u l i  than t h e i r  f i e l d -
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dependent counterparts ,  who tended to leave the st imulus f i e l d  very 
much as is  (Nebelkopf & Dreyer, 1970). In the context o f a socia l  
studies minicourse, Stasz, Shavelson, Cox, and Moore (1976) demon­
s t ra ted  th a t ,  when asked to rate course concepts in terms o f t h e i r  
s i m i l a r i t y  to one another, f ie ld - independent  teachers and students 
tended to group course concepts in to  t i g h t  mutual ly  exclusive 
c lu s te rs ,  whi le  f ie ld-dependent teachers and students tended to 
perceive the concepts as not very d i s t i n c t ,  and thus c lus te red  almost 
a l l  o f  the concepts in to  one large s t ruc tu re .
Based on the voluminous body o f research on f - d / i  reported 
between 1962 and 1975, Witk in  and Goodenough (1976, 1981) have more 
recen t ly  modif ied the theory o f psychological d i f f e r e n t i a t i o n ,  to 
r e f l e c t  new th in k in g  regarding the inf luence o f cogn i t ive  s ty le  on the 
extent o f personal autonomy in interpersonal  behavior and on the ro le  
o f  r e s t ru c tu r in g  a b i l i t y  in cogn i t ive  func t ion ing .  In t h i s  reformu­
la t io n  of the theory, d i f f e r e n t i a t i o n  remains the highest level 
construc t (and maintains i t s  i d e n t i t y  as a s t y l e ) , and from i t  emanate 
three lower level  constructs: segregation of psychological func t ions ,
segregat ion o f neurophysio logical funct ions,  and se l f -n o n s e l f  
segregat ion. In t h i s  scheme, f - d / i  and cogn i t ive  s ty le  become 
synonymous with  s e l f -n o n s e l f  segregat ion; autonomy in  in terpersonal  
r e la t io n s  and re s t ru c tu r in g  a b i l i t y  are then conceived as two separate 
substructures of f - d / i .
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Se l f -nonse l f  
segregation 
(o r  f ield-dependence/ independence, 
or cogn i t ive  s ty le )
Autonomy in 
i nterpersonal 
re la t io n s
Rest ruc tu r i  ng 
a b i1i t y
Figure 4. Relat ionships among f - d / i ,  in terpersonal  
competencies, and re s t ru c tu r in g  a b i l i t y .
Wi tk in  and Goodenough (1976) expla in  the re la t io n sh ip  among the parts
of the conceptual t r i a d  as fo l lows:
Greater or less s e l f - n o n s e l f  segregat ion i s . . .  responsible 
fo r  a tendency to r e l y  on the s e l f  as the pr imary re fe ren t  
in  psychological func t ion ing  or a tendency to  r e ly  on the 
external f i e l d  as the pr imary re fe ren t  (p. 21).
Whether a person tends to re ly  p r im a r i l y  on in te rna l  or 
external re fe ren ts  has two p a r t i c u l a r l y  important con­
sequences fo r  behavior. F i r s t ,  i t  is  l i k e l y  to in f luence 
the exten t  to  which he funct ions autonomously o f others in 
interpersonal r e la t io n s .  Second i t  is l i k e l y  to a f f e c t  his 
manner o f processing in format ion from the f i e l d  - -  
s p e c i f i c a l l y  whether he w i l l  res t ruc tu re  the f i e l d  on his 
own through using in te rna l  re fe rents  as mediators, or 
accede to i t s  dominant p roper t ies  as given (p. 21).
Throughout the present repor t  the labels  cogn i t ive  s ty le  and 
f ield-dependence/ independence w i l l  be used interchangeably. When the 
term f ie ld-dependent (o r  f ie ld - independent)  is  used, i t  is  meant only 
to i d e n t i f y  a r e l a t i v e l y  f ie ld -dependent (o r  f ie ld - independen t)  i n d i ­
vidual w i th  respect to  the sample under inve s t ig a t io n .  An i n d i v id u a l ' s  
c l a s s i f i c a t i o n  r e la t i v e  to  the f - d / i  construc t is thus determined by 
the d i s t r i b u t i o n  of the sample of which the ind iv idua l  is  a par t .
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The Dual Nature o f  the F -d / i  Construct
In W i t k in 1s f i n a l  statement e xp l i c a t in g  the nature o f f - d / i  
(W i tk in  & Goodenough, 1981), one does discern a more conscious ac­
knowledgement o f ce r ta in  a b i l i t y  overtones in the d e sc r ip t ion  o f  f - d / i  
than present in  e a r l i e r  accounts (Witk in  et a l . ,  1962). As stated 
p rev ious ly ,  many c r i t i c s  had voiced concerns regarding W i t k in 1s s t r i c t  
adherence to a d e f i n i t i o n  o f f - d / i  as a purely  s t y l i s t i c  dimension, 
"value neut ra l "  (W i tk in  & Goodenough, 1976, p. 47) in  character ,  and 
"pervasive" (W i tk in ,  Moore, Goodenough, & Cox, 1977, p. 15) in  scope.
I t  seems qu ite  p laus ib le  tha t  i t  was th i s  r igorous content ion o f 
v a lu e -n e u t ra l i t y  tha t  made the construc t a popular a l t e rn a t i v e  to 
standard apt i tude measures. I t  has f requen t ly  been proposed (W i tk in ,  
1974; W i tk in ,  Moore, Goodenough, & Cox, 1977) tha t  since one's p o s i t io n  
on the f - d / i  continuum is  a less threaten ing piece o f  in format ion than 
one's IQ or SAT score, f - d / i  has a decided advantage over ap t i tude 
measures. I t  may wel l  be tha t  the p r o l i f e r a t i o n  of research on f - d / i  
dur ing the 7 0 's was more r e f l e c t i v e  o f soc io log ica l  t rends supporting 
an a n t i - a p t i t u d e  movement in  education ra ther  than a b e l i e f  in or 
understanding o f the construc t as a t ra ce r  of cogn i t ive  process. In 
any event,  the arguments intended to support the s t y l i s t i c  nature of 
f - d / i  were weak, and W i tk in 's  f i n a l  statement (Witk in  & Goodenough, 
1981) tempered his e a r l i e r  remarks.
One area o f research cast ing substant ia l  doubt on the not ion tha t  
f - d / i  is  a s ty le  impl icates general i n te l l i g e n c e  and s p e c i f i c  apt i tudes 
w ith  the construct.  As reported e a r l i e r ,  many inves t iga to rs  (B ie r i  et  
a l . ,  1958; Podell & P h i l l i p s ,  1959; E l l i o t t ,  1961; Spotts & Mackler,
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1967; Crandall  & Sinkeldam, 1964; Widiger,  Knudson, & Rorer, 1980) 
have reported s i g n i f i c a n t  c o r re la t io n s  between measures o f  f - d / i  and 
various measures o f i n t e l l e c t u a l  a b i l i t y .  Dubois and Cohen (1970), in 
re p l i c a t i n g  such s tud ies ,  demonstrated s i g n i f i c a n t  c o r re la t io n s  between 
measures o f f - d / i  (EFT and RFT) and ap t i tude  and achievement scores on 
New York State Col lege Entrance Exams, w ith  the EFT e x h ib i t i n g  a 
somewhat stronger re la t io n s h ip  to a b i l i t y  than the RFT. Of great 
i n t e re s t  was the s i g n i f i c a n t  re la t io n s h ip  detected between EFT per­
formance and measures o f  pure verbal achievement - a re s u l t  which 
c a l l s  in to  serious quest ion W i tk in 's  f i r m l y  held p o s i t io n  th a t  
measures o f  f ie ld- independence are not re la ted  to verbal measures 
(W i tk in  e t a l . ,  1962). Factor a n a ly t i c  studies (Pemberton, 1952;
Witk in  et a l . ,  1962; Messick & French, 1975) suggest th a t  hidden
f igures  tasks, o f  the type used in  the EFT load on a f l e x i b i l i t y  of
closure fa c to r  o f  general i n te l l i g e n c e ,  and th is  re s u l t  is widely  
accepted. In a d d i t io n ,  as Vernon (1972) points out,  the substan t ia l  
c o r re la t io n  between tes ts  o f f - d / i  and spa t ia l  tes ts  is  "almost em­
barrassing" (p. 368).
In quest ioning W i t k i n 1s te n a c i t y  in mainta in ing th a t  f - d / i  repre­
sents a s t y le ,  Kurtz (1968) remarks th a t ,
The important th in g  about s ty le  is  tha t  i t  is a term to 
designate in d iv idu a l  d i f fe rences  in  the carry ing  out o f 
competencies . . .  the i n a b i l i t y  to  demonstrate or execute a 
competence is  not a s ty le  (p. 526).
Kurtz adds th a t  there may be d i f f e r e n t  s ty les  in de tect ing  the simple
f igu res  in the EFT (a p o in t  exp l ica ted  by Pascuale-Leone (1974)) but
the act of de tect ion or non-detect ion (the c r i t e r i o n  in the EFT) is
not a s ty le .
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E l l i o t t  (1961) makes the fo l lo w ing  suggestion in  a s im i la r  vein:
The i n e f f e c t i v e  performance o f frame dependent subjects in 
s i tu a t io n s  described as lack ing s t ru c tu re ,  p r e d i c t a b i l i t y ,  
ins t ruc t iveness ,  and so f o r t h ,  and the extreme frame 
dependence of ch i ld ren  and bra in  damaged p a t ien ts ,  suggest 
tha t  we might w i th  more p r o f i t  and economy change the focus 
o f in ve s t ig a t io n  from pe rson a l i t y  to i n t e l l e c tu a l  funct ion .
This approach would see frame dependence p r im a r i l y  as a kind 
of i n t e l l e c t u a l  d e f i c i t ,  and secondari ly as a co r re la te  of 
pe rsona l i ty  a t t r i b u te s - ( p .  35).
Wachtel (1972) concurs:
Both the EFT and RFT have c lea r  demands fo r  S to respond to 
some aspects o f the st imulus f i e l d  in i s o la t io n  from the 
content in which they are embedded. The ind iv idua l  who does 
not disembed is demonstrat ing th a t  he cannot, and not tha t  
he chooses not to ,  e sp ec ia l ly  in  l i g h t  of the evidence tha t  
ind iv idu a ls  who do poor ly  on EFT and RFT tend also to  be
people p a r t i c u l a r l y  eager to do what they are supposed to do
(p. 181).
I f  the EFT, and perhaps the RFT, measure some in t e l l e c tu a l  a b i l i t y  
fa c to r ,  the quest ion s t i l l  remains regarding the extent to which these 
two measures a c tu a l l y  converge. As ear ly  as 1972, Wachtel pointed out 
tha t  the studies reported in the l i t e r a t u r e  up to tha t  po in t  "do not 
compel l ing ly  requ ire  a s ing le-process i n te rp re ta t io n "  (p. 185). Some 
researchers were led to explore the nature o f the d i f fe rence  between 
the two measures, EFT and RFT. Based on one o f the few fa c to r  a na ly t ic  
studies invo lv ing  both EFT and RFT, Vernon (1972) concluded tha t  whi le 
the EFT loaded on a spa t ia l  fa c to r  o f general i n te l l i g e n c e  (associated 
with other f l e x i b i l i t y - o f - c l o s u r e  measures), the r e l a t i v e l y  low S and 
g loadings o f  the RFT suggested i t  belonged to a separate fa c to r .  In 
c i t i n g  resu l ts  o f  a s im i l a r  study, Dubois and Cohen (1970) had sug­
gested tha t  the RFT might be less contaminated by i n te l l i g e n c e  than
the EFT.
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A very ea r ly  clue suggest ing the nature o f the d i s t i n c t i o n  between 
the processes under ly ing EFT vs. RFT performance comes in E l l i o t t ' s  
(1961) repor t  o f a study invo lv ing  the performance o f  co l lege students 
on maze and block puzzle tasks. E l l i o t t  concluded th a t  al though EFT 
was re la ted  to a b i l i t y ,  RFT was not. Rather, RFT performance was 
s i g n i f i c a n t l y  re la ted  to "measures of uncer ta in ty  in unstructured 
s i tu a t io n s "  (p. 35). In the Linton (1952) study of au tok ine t ic  
s u g g e s t i b i l i t y  and f - d / i  (described e a r l i e r ) ,  there was a post- 
experimental  in te rv iew  in  which subjects were rated fo r  negat iv ism, 
defined as the extent to which a subject made a conscious decis ion to 
ignore the inf luence o f the planted confederate. E l l i o t t  (1961) 
reports tha t  when t h i s  va r iab le  is p a r t i a l l e d  out,  the re la t io n sh ip  
between performance on the EFT and the au tok ine t ic  task becomes non­
s i g n i f i c a n t .  This suggests tha t  perhaps i t  is an "overcoming i r ­
re levant in f luence"  aspect o f EFT which accounted fo r  the s i g n i f i c a n t  
resu l ts  reported in the o r ig in a l  study. I f  t h i s  were the case, i t  may 
be th a t  t h i s  aspect of EFT performance represents the region o f over­
lap o f  EFT and RFT as constructs.
Results such as these suggest th a t  the RFT might a l ign  w ith  tha t  
information processing capaci ty  governing the se lec t ion  or re je c t io n  
of possible  s t ra teg ies  in  coping w ith  a given stimulus f i e l d .  Follow­
ing th i s  lead, a search was made fo r  evidence in the l i t e r a t u r e  tha t  
might suggest s p e c i f i c  cogn i t ive  processing s k i l l s  bel ieved to be 
re la ted  to EFT performance but which would con tras t  w ith  the RFT- 
re la ted  s k i l l s  mentioned above.
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Busse (1967), Dinius (1975), and Guetzkow (1951) used the EFT in 
studies o f  set-breaking a b i l i t y  in  problem-solving. A l l  three studies 
reported tha t  the a b i l i t y  to break set was p o s i t i v e l y  re la ted  to EFT 
performance, thus suggest ing th a t  EFT measures the capac i ty  to  generate 
new and u l t im a te ly  product ive problem-solving templates. In a study 
by Goodman (1971) subjects '  performances on chal leng ing tasks o f 
sentence disambiguation were shown to be re la ted  to EFT performance. 
However, when subjects were a c tu a l l y  given the various opt ions fo r  
i n te rp re t in g  each o f the task sentences, no re la t io n s h ip  was found 
between EFT performance and task competence. The ing red ien t  in  the 
o r ig in a l  task apparent ly measured by the EFT was more re la ted  to  the 
generation of possible so lu t ions  than to t h e i r  se lec t ion  once the 
p o s s i b i l i t i e s  were ava i lab le .  Supportive o f t h i s  concep tua l iza t ion  is  
the evidence suppl ied in  a concept learn ing study (Nahinsky, Morgan, & 
Oeschger, 1979) in which the choice of a s t ra tegy  (between global and 
hypothesis te s t in g )  was found not to be co r re la ted  w i th  performance on 
the EFT.
I t  seems qu ite  p laus ib le  then tha t  the EFT's re la t io n s h ip  to 
s t ru c tu r in g  a b i l i t y  impl icates the capacity fo r  s t ra tegy  generat ion or 
invent ion. On the other hand the resu l ts  c i te d  above suggest th a t  the 
RFT measures something qu i te  d i f f e r e n t .  I t  is perhaps appropr ia te to 
mention at t h i s  po in t  th a t  Wi tk in  and Goodenough (1976) a n t ic ipa ted  
th i s  dichotomy and suggested tha t  any study o f f - d / i  should use both 
RFT and EFT. The common p rac t ice  of using only one of these measures 
in f - d / i  research has been c r i t i c i z e d  severely by several w r i t e r s  
(Arbuthnot,  1972; Wachtel, 1972; Vernon, 1972) as producing re su l ts
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tha t  defy in te g ra t io n  in to  a la rge r  framework. This s i tu a t io n  is 
fu r th e r  complicated by the fa c t  th a t  most researchers view f - d / i  as a 
s ing le  construct measured equal ly  wel l  by e i t h e r  the EFT or RFT.
We have presented a case fo r  associa t ing EFT performance with 
some type o f s t ra te g y /s t ru c tu re  invent ion a b i l i t y .  We have suggested 
th a t  RFT performance appears to be re la ted  to a ce r ta in  manner of 
s tra tegy se lec t ion  a b i l i t y .  To suggest a th e o re t ica l  basis fo r  t h i s  
s e le c t io n -o f - s t ra te g y  nature of the RFT, we consider Pascuale-Leone's 
(1974) process s t ru c tu ra l  model fo r  f - d / i  based on the theory of 
cons truc t ive  operators. Pascuale-Leone views the s t ru c tu r in g  d e f i ­
c iencies and outwardly d i rec ted  searching behavior o f the f i e l d -  
dependent person as in te r locked .  When outwardly d irec ted  behavior 
must be s t i f l e d  to respond c o r re c t l y  to a given s i t u a t i o n ,  the f i e l d -  
dependent can do so only w ith  great d i f f i c u l t y .  Pascuale-Leone views 
the RFT as e l i c i t i n g  from the subject  visual  and postural  procedures 
which are already in  the subjects re per to i re :  generating the pro­
cedures is  not the issue in  RFT performance; applying the appropriate 
procedure is .  Pascuale-Leone maintains tha t  the " i n t e r r u p t "  funct ion  
(responsib le  f o r  i n t e r ru p t in g  the ap p l ica t io n  o f schemas tha t  are 
ta s k - i r r e le v a n t )  is  p a r t i c u l a r l y  weak in  f ie ld-dependent ind iv idua ls .
I t  was Linn (1978) who demonstrated tha t  performance on the RFT cor­
re la ted  w ith  the a b i l i t y  to  se lec t  the appropr iate s t ra tegy fo r  problem 
so lu t ion  when s a l ie n t  but i r r e le v a n t  s t ra teg ies  were i m p l i c i t  in the 
problem. When only re levant  s t ra teg ies  were suggested, RFT had no 
explanatory power.
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Based on the evidence presented here, the emerging p ic tu re  of 
f - d / i ,  as measured by the EFT and RFT, suggests two re la ted  though 
con t ras t ing  a b i l i t i e s .
i )  the a b i l i t y  to  generate p o te n t i a l l y  product ive templates 
by analyzing or s t ru c tu r in g  components o f the st imulus 
f i e l d ;
i i )  the a b i l i t y  to se lec t  from among those possible templates 
the one or ones tha t  are most appropr ia te to the s i tu a t io n  
a t  hand.
The conceptua l iza t ion of f - d / i  which guided the design o f  the present 
study maintains as the co n s t ru c t 's  most prominent c h a ra c te r is t i c s  the 
two processes o f s t ra tegy  (o r  template) generat ion and s t ra tegy s e le c - '  
t i o n ,  w i th  the former process more s t rong ly  re la ted  to EFT performance, 
and the l a t t e r  process to RFT performance.
This concept ion of f - d / i  has since been corroborated by the 
fa c to r  a n a ly t i c  study o f Linn and Kyl lonan (1981), whose resu l ts  
suggest tha t  tes ts  of cogn i t ive  re s t ru c tu r in g ,  such as Raven Advanced 
Progressive Matr ices, Hidden Figures, and Surface Development, load on 
an a b i l i t y  fa c to r  resembling th a t  associated with  the EFT (Cronbach,
1960), whi le  the RFT "measures se lec t ion  o f an appropr iate  s tra tegy 
among s a l ie n t  competing s t r a t e g i e s . . . "  (p. 272).
F -d / i  and Interpersonal Competencies
Perhaps i t  is best a t t h i s  po in t  to consider the f requen t ly  
reported re la t io n s h ip  between f - d / i  and in te rpersonal  competencies, 
and the manner in which such a re la t io n s h ip  can be a ss im i l ia te d  in to  
the conceptua l iza t ion  o f f - d / i  presented above.
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As has been mentioned e a r l i e r ,  W i tk in  co n s is ten t ly  included 
in terpersonal  competencies in  the p r o f i l e  o f  the f ie ld-dependent 
ind iv id u a l  - a p o s i t io n  cons is ten t  w ith  his b e l i e f  th a t  f - d / i  was a 
construc t explanatory o f  an i n d i v id u a l ' s  level o f  autonomous func­
t io n in g .  What must not be overlooked, however, is  W i tk in 's  caut ion as 
to  the nature of t h i s  e x te rn a l l y  d irec ted  socia l  o r ie n ta t io n .  That 
t h i s  behavior is understood as c o g n i t i v e ly  motivated is  c ruc ia l  i f  
"autonomy in in terpersonal  r e la t io n s "  is  to remain a v a l id  sub-construct 
w i t h in  the framework o f f - d / i .  W i tk in  and Goodenough (1976) c i t e  the 
work o f  Dolson (1973), Farley (1974), and Throckmorton (1974) in 
emphasizing tha t  when manifestat ions o f socia l  dependency were devoid 
any in fo rmat ion-gather ing  or in format ion-process ing motives, co r re la t io ns  
w ith  f - d / i  f a i l e d  to achieve s ign i f i cance .  Witk in  and Goodenough 
(1976) conclude
The conception to which we have been led by the evidence on 
in terpersonal  behavior s p e c i f i c a l l y  i d e n t i f i e s  the in -  
formation-seeking aspect o f re l iance on others as s a l ie n t  in 
the social  behavior of more d i f f e r e n t i a t e d  and less d i f ­
fe re n t ia te d  people (p. 27).
The evidence now ava i lab le  c le a r l y  does not support the 
p o s i t io n  we considered e a r l i e r  th a t  a l im i te d  sense of 
separate i d e n t i t y  is l i k e l y  to fo s te r  emotional dependence 
("dependent a t t i t u d e s "  we ca l led  i t )  and th a t  emotional 
dependence is  the re fo re  a featu re  o f separate i d e n t i t y .  The 
autonomy construc t ,  by g iv ing  a centra l  ro le  to the drawing 
of in format ion p r im a r i l y  from others or from in te rna l  sources 
in  s t ru c tu r in g  ambiguous s i t u a t io n s ,  is  in f a c t  proposing a 
cogn i t ive  basis fo r  d i f fe rences  in social  behavior between 
more d i f f e r e n t i a t e d  and less d i f f e r e n t i a t e d  people (pp.
27-28).
To what extent then can the development o f in terpersonal  
competencies be in tegra ted  in to  our conceptua l iza t ion o f f - d / i ?  The 
key to  such a synthesis may l i e  in  viewing an i n d i v i d u a l ' s  tendency to
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depend on external re fe rents  in  processing in format ion as a manifesta­
t io n  o f  some general processing de f ic iency .  The f ie ld -dependent ,  who 
in some measure is more d e f i c ie n t  in general reasoning a b i l i t y  than 
his or her f ie ld - independent counterpart ,  may learn to invest  in 
ce r ta in  o the r -d i rec ted  behaviors in  order to f a c i l i t a t e  access to 
in format ion, s t ra te g ies ,  or s t ru c tu r in g  devices needed f o r  reso lv ing  
cogn i t ive  dilemmas. In l i g h t  o f the re la t io n s h ip  between the EFT and 
tes ts  of general i n te l l i g e n c e ,  support f o r  t h i s  p o s i t io n  is found in 
Wachtel ' s (1972) desc r ip t ion  of the assumption of WISC sca t te r  analys is  
(as ou t l ined  by Rapaport, G i l l ,  and Schafer (1945)):
In the course o f development, as the ind iv idua l  begins to 
emphasize p a r t i c u la r  adapt ive s t ra teg ies  and p a r t i c u la r  
defense preferences, he begins to invest in p a r t i c u la r  
s k i l l s  and perhaps to  a c t i v e ly  underplay others , as in  the 
hys te r ic  f o r  whom memory is  impaired as a func t ion  of 
defensive needs (p. 186).
I t  is  in th i s  s p i r i t  tha t  the f ie ld -dependents ' soc ia l  p r o c l i v i t i e s
may be in te rpre ted  as manifestat ions of an ou tward ly -d i rec ted  search
mechanism, c u l t i v a te d  fo r  i t s  adapt ive value in  s i tu a t io n s  making
heavy cogn i t ive  demands. E a r l i e r  in  t h i s  chapter an a l lu s io n  was made
to the a p p l i c a b i l i t y  o f s u r v i v a l i s t  arguments to the compet i t ion among
st ra teg ies  w i th in  the in d iv id u a l .  I t  is p rec ise ly  the s t ra tegy  o f
other-di rectedness which, i f  adequately developed, can serve the
f ie ld-dependent ind iv idua l  wel l  in c o g n i t i v e ly  demanding s i tu a t io n s .
Intrapersonal competencies are a by-product o f the recurren t  need fo r
external cogn i t ive  support.
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Research Relevant to the Present Study 
The Search f o r  ATI ' s
The log ic  behind Cronbach's (1957, 1967) proposal th a t  educators 
should seek out i n s t r u c t io n a l  s t ra teg ies  consonant w ith  sp e c i f i c  
learn ing c h a ra c te r i s t i c s  commands the search fo r  s i g n i f i c a n t  ap t i tude-  
treatment in te ra c t io n s  (ATI) ,  or t r a i t - t r e a tm e n t  in te rac t io n s  (TTI) ,  
as a sensible approach in  conduct ing educat ional research. Un­
fo r tu n a te ly  the enthusiasm generated by the ca l l  f o r  th i s  new 
methodology was somewhat dampened by reviews of ea r ly  ATI research 
in d ic a t in g  th a t  re su l ts  lacked conclusiveness and gene ra l iza b i1i t y  
(Bracht,  1970; Glass, 1970; Cronbach & Snow, 1975). This shortcoming 
was also observed in  reviews o f  ATI research in mathematics education 
(Hol tan, 1975).
Some researchers claimed tha t  the d i f f i c u l t i e s  in ATI research 
may be due to the lack o f  su i tab le  ap t i tude var iab les  (Behr & Eastman, 
1975), whi le  others (Salomon, 1972b; Glaser, 1972; Di Vesta, 1973) 
pointed to a fa r  more fundamental problem th a t  must be faced in  design­
ing meaningful ATI experiments: the need to a r t i c u la te  the cogn i t ive
processes under ly ing the s p e c i f i c  ap t i tude  or t r a i t  under study. As 
ear ly  as 1967, both Glanzer and Melton emphasized the need fo r  acknow­
ledging the "process or mechanisms th a t  intervene between s t im u l i  and 
responses" (p. 240) in the conduct o f ind iv idua l  d i f fe rences  research.
The search fo r  ATI 's using f - d / i  as an ap t i tude  var iab le  has by 
no means been immune from the problems of i n t e r p r e t a b i l i t y  and r e l i a ­
b i l i t y  th a t  marked ATI research in  general. For example, in  1971,
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Koran, Snow, and McDonald appl ied Melton's (1967) process model of 
assoc ia t ive  learn ing to an inve s t ig a t io n  focusing on in te rac t io n s  of 
f - d / i  and w r i t t e n  vs. video modeling presentat ions of a teaching 
s k i l l .  According to Melton's (1967) model, the f i r s t  component in 
assoc ia t ive  learn ing (and perhaps a l l  learn ing)  involves a coding 
response to the external st imulus. Koran and her associates 
hypothesized th a t  the perceptual demands of a m u l t ip le  channel video­
modeled presenta t ion,  re q u i r ing  the de r iva t io n  of task - re levan t  
in format ion in  the presence of a subs tan t ia l  amount of perceptual 
noise, would favor those in d iv idu a ls  possessing greater perceptual 
a n a ly t i c  a b i l i t y  ( i . e . ,  f i e l d  independents). Results of the study 
ind ica ted j u s t  the opposite. Scores on the Hidden Figures Test 
( s im i l a r  to and f requen t ly  used as an a l t e r n t i v e  to the EFT) cor­
re la ted  s i g n i f i c a n t l y  and negat ive ly  w ith  c r i t e r i o n  performance f o l ­
lowing the video-model ing treatment.  (The RFT was not used in  t h i s  
s tudy .)  The inve s t ig a to rs  i n t e r p r e t  these resu l ts  as suggest ive of 
the compensatory value o f the video-model ing approach fo r  f i e l d -  
dependents: the video treatment "may provide a behavioral  repre­
senta t ion fo r  the learner th a t  he could not generate fo r  himself  i f  
given the w r i t t e n  modeling treatment,  and thereby i t  f a c i l i t a t e s  his 
performance" (p. 226). Carrying th i s  "compensatory" argument one step 
fu r t h e r ,  the in ve s t ig a to rs  suggest th a t  f o r  the f ie ld - independen ts , 
such a lock-s tep and f u l l y  v isua l ized  presenta t ion may not only " f a i l  
to be f a c i l i t a t i v e ,  but may in te r fe re  w i th  encoding processes or 
attenuate performance through boredom or fa t igue "  (p. 226). From a 
cogn i t ive  processing p o in t  o f  view th i s  p o s i t io n  seems reasonable
44
since the f i e l d  independents in the video treatment are simply not 
given the oppor tun i ty  to do what they do best: generate t h e i r  own
representat ion o f the concept to be learned, in th i s  case a teaching 
s k i l l  " templa te ."  I t  is  important to note two things: the
s i g n i f i c a n t  in te ra c t io n  w ith  f - d / i  was based on an EFT-1 ike measure of 
f - d / i  w ith  no RFT scores a va i la b le ,  and the task involved the genera­
t i o n  o f an appropria te  in te rna l  model of the teaching s k i l l  and not 
the re je c t io n  of s a l i e n t ,  i r r e le v a n t  models. That the f i e l d -  
dependents benef i ted from the concrete representat ion o ffe red  by the 
video modeling technique supports the pos i t ion  stated e a r l i e r  in th i s  
chapter tha t  perceptual tes ts  o f c losure are tracers  of tha t  aspect of 
f - d / i  invo lv ing  template generation.
The above in te rp r e ta t io n  of the Koran et al .  (1971) study is 
reminiscent o f  Salomon's (1972a) e xp l i ca t ion  of a "supp lantat ion"  
func t ion ,  whereby a process is  generated through some medium, thus 
supplant ing the need fo r  the learner to generate the process 
i n t e r n a l l y  on his own. Salomon inves t iga ted  performance d i f fe rences 
on a task requ i r ing  the subjects to unfold three-dimensional objects 
in to  planar form and then to reconstruc t the objects in to  so l id  form. 
Treatments invo lv ing  representa t ions by m o t io n -p ic to r ia l  techniques 
proved bene f ic ia l  to the low verbal a b i l i t y  group but de le te r ious to 
the performance o f the h i g h - a b i l i t y  group, thus support ing the 
"supp lan ta t ion"  hypothesis th a t  the l o w - a b i l i t y  groups benef i ted by 
experiencing a continuous transformation o f the object from one sta te  
to another, a process which might only be achieved i n t e r n a l l y  with 
great d i f f i c u l t y ,  i f  a t  a l l .  The natural  processing s ty le  of the
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h i g h - a b i l i t y  groups was apparent ly in h ib i t e d ,  suggest ing th a t  the 
denial  o f  an ac t ive  closure operator can work to  the disadvantage of 
ce r ta in  h i g h - a b i l i t y  groups.
Media Research
Since Experiment I in  the present study involved two d i f f e r e n t  
types o f aud io -s l ide  presenta t ions, we now consider some of the 
re levant l i t e r a t u r e  in the f i e l d  o f media research. I t  is wel l 
accepted tha t  inse r t in g  quest ions in to  w r i t t e n  i n s t ru c t io n a l  mater ia ls  
f a c i l i t a t e s  the learn ing of those mater ia ls  (Rothkopf,  1970; Frase, 
1970). Lumsdaine's (1963) review of the l i t e r a t u r e  regarding tech­
niques in  in s t ru c t io n a l  f i l m  ind ica tes  s im i l a r  re su l t s .  Gagne and 
Rohwer (1969) found tha t  techniques designed to d i r e c t  a t te n t io n  to 
the learn ing task are genera l ly  conducive to learn ing. However,
A l len ,  Cooney, and Weintraub (1968) concluded th a t  when the nar ra to r  
o f video and s l id e  presentat ions e x p l i c i t l y  d i rec ted  a t te n t io n  to 
important po in ts  in the s l id e s ,  students o f lesser a b i l i t y  benef i ted 
whi le  students o f higher a b i l i t y  did not. B e r l in e r  and Cahen's (1973) 
research supports the not ion o f  an ATI between quest ion-posing and 
mental a b i l i t y ,  favor ing the lower a b i l i t y  learner.  I t  seems reason­
able tha t  quest ion-posing might prove to be an appropriate  technique 
fo r  main ta in ing the a t te n t io n  o f the f ie ld -dependent learner on the 
in s t ru c t io n a l  task. In add i t ion  to the f a c i l i t a t i v e  value o f the 
technique described above, the f ie ld-dependent learner might stand to 
be even more p o s i t i v e l y  a f fec ted  i f  the na r ra t ion  in an aud io -s l ide  
presentat ion were to center around a quest ion-answer d ia log  between a
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teacher and student. The in te rpersonal  nature o f the in te ra c t io n  
might serve to heighten the arousal value o f the n a r ra t ive  since i t  
s imulates the f ie ld -dependen t 's  p re fe r red  s ty le  o f in format ion 
ga ther ing . Moreover, to make the presenta t ion even more valuable to 
the f ie ld-dependent learner ,  i t  also could be constructed in such a 
way as to "supplant"  one o f the f i e l d  dependent's in fo rmat ion  pro- 
cessing de f ic ienc ies :  s t ru c tu r in g  a b i l i t y .
The use of s t ru c tu r in g  techniques in the form o f  ou t l ines  (Anderson, 
1967; Gagne, 1973) and content sequencing (Brown, 1970) has been 
found to  enhance c r i t e r i o n  performance across a wide v a r ie t y  of tasks. 
A l len (1975) suggests th a t ,  al though l i t t l e  evidence is  ava i lab le  to 
suggest such a hypothesis,  methods intended to s t ruc tu re  the materia l  
to be learned may f a c i l i t a t e  learn ing in  those students d e f i c ie n t  in  
organizat ional  a b i l i t y ,  wh i le  being of neutra l  or negat ive value fo r  
those students possessing wel l-developed s t ru c tu r in g  s k i l l s .  I t  
seems reasonable then th a t  the f ie ld-dependent student,  whose outwardly 
d irec ted  informat ion-process ing s ty le  develops in response to an 
in te rna l  s t ru c tu r in g  d e f ic ie n cy ,  would stand to b e n e f i t  i f  the ques­
t ions  al luded to above also served to s t ru c tu re  the materia l  by c a l l ­
ing a t te n t io n  to log ica l  mi lestones in the development, in much the 
same way tha t  an e f fe c t i v e  system of t i t l e s  and s u b t i t l e s  serves to 
provide a formative s t ru c tu r in g  device in p r in ted  mater ia ls .
While the present study was being conducted, a s im i l a r  study was 
in process at the Wayne State U n ive rs i ty  Medical School. That study 
(Scot t  e t  a l . ,  1981) involved the use o f h igh ly  s t ruc tu red  vs. s e l f -
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d irec ted in s t ru c t io n a l  sequences deal ing w i th  co lo rec ta l  cancer. The 
hypothesis under sc ru t iny  in th a t  study was s im i la r  to our own, with  
the s e l f - d i re c te d  sequence bel ieved to favor  the f ie ld - independent  
students, and the h igh ly  s t ruc tured sequence bel ieved to favor the 
f ield-dependents.  In add i t ion ,  an attempt was made to infuse the 
s t ruc tured sequence with  social  value by using some motion p i c t o r i a l  
segments showing the doctor in te ra c t in g  with  the co lo rec ta l  cancer 
p a t ien t .  The sole measure o f f - d / i  in  tha t  study was the Group
Embedded Figures Test. No s i g n i f i c a n t  in te ra c t io n s  were found. The
researchers suggest tha t  the h igh ly  charged compet i t ive  atmosphere of 
a medical school may not be the appropriate s i t e  f o r  the de tect ion of 
such in te ra c t io n  e f fec ts .
ATI 's in Mathematics Education Research
Owing to the super ior a na ly t ic  a b i l i t i e s  o f f ie ld - independents ,  
research resu l ts  in d ic a t in g  tha t  r e l a t i v e l y  f ie ld - independent  i n d i ­
v iduals  are l i k e l y  to show educat ional or vocat ional i n t e r e s t  in areas
requ i r ing  a n a ly t i c  s k i l l s ,  such as mathematics or the sciences, should
come as no surpr ise (Chung, 1967; C la r ,  1971; Keen, 1974). These 
resu l ts  are cons is tent w ith  the large body of research support ing the 
hypothesis th a t  f ie ld- independence is s i g n i f i c a n t l y  re la ted  to 
achievement and ap t i tude in  mathematics ( E l l i o t t ,  1961; Greenf ie ld , 
1971; Hunt & Randhawa, 1973; Abelew, 1974). Wi tk in  and his associates 
(W i tk in ,  Moore, Goodenough, & Cox, 1977) reviewed 27 studies r e la t in g  
performance on the Mathematics Scholast ic Apt i tude Test to f - d / i .  
Eleven o f the studies used women as subjects and in  a l l  11 studies the
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re la t io n s h ip  was s t a t i s t i c a l l y  s i g n i f i c a n t ,  w ith  an average cor­
r e la t io n  o f 0.44. The remaining 16 studies used men as subjects and 
in 11 out o f 16 the re la t io n s h ip  was s t a t i s t i c a l l y  s i g n i f i c a n t ,  w ith  
the mean of the c o r re la t io ns  equal to 0.29.
There is  some cause to be l ieve  th a t  ATI 's invo lv ing  mathematics 
learn ing and f - d / i  do e x is t ,  though the evidence is  fa r  from 
compel l ing. Carpenter, McLeod, and Skvarcius (1976) found weak sup­
po r t  f o r  the p o s i t io n  th a t  f - d / i  i n te rac ts  w i th  level of guidance in 
mathematics i n s t r u c t i o n ,  but no support f o r  the b e l i e f  th a t  f - d / i  may 
i n te ra c t  w i th  leve l o f abs trac t ion  in  an in s t ru c t io n a l  un i t .
In Hol tan 's  (1982) updated review of ATI research in mathematics, 
inc lud ing  research invo lv ing  f - d / i ,  he concludes tha t  since 1975 there 
have been more s i g n i f i c a n t  in te rac t io n s  than reported p r i o r  to tha t  
date, al though he concludes th a t  there is  s t i l l  i n s u f f i c i e n t  evidence 
to form a basis f o r  a general theory.
The increment in reported "s ig n i f i ca n ce "  observed by Holtan may 
be due, in p a r t ,  to a heightened consciousness o f  the need to under­
stand the cogn i t ive  processes underly ing the ap t i tude in ATI research. 
Di Vesta (1975) summarizes the conclusions o f Glaser (1972), Koran 
(1972), and Hunt (1973) regarding such research by suggesting tha t  
" the theory under ly ing TTI research must consider the cogn i t ive  pro­
cesses assumed to be co r re la ted  w ith  t r a i t s  and/or the processes 
induced by treatments i f  such research is to be f r u i t f u l "  (p. 186).
In l i g h t  o f the s t ru c tu r in g  de f ic ienc ies  and interpersonal  pro­
c l i v i t i e s  o f  the f ie ld-dependent as learner ,  i t  seemed reasonable th a t  
na r ra t ion  center ing around a quest ion/answer d ia log between a teacher
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and a student,  w ith  quest ions designed to s t ruc tu re  the ma te r ia l ,  
would prove more b e ne f ic ia l  to the f i e l d  dependent learner than a 
monolog presenta t ion devoid of e x p l i c i t  interpersonal  or s t ru c tu r in g  
mechanisms. This log ic  led to the design o f Experiment I in the 
present study.
Match/Mismatch Research
The research bearing on Experiment I o f  the present study might 
be termed "person- th ing"  research since i t s  basis is the extent to 
which some s t ru c tu ra l  aspect of the external stimulus f i e l d  a f fec ts  
the cogn i t ive  performance o f an ind iv idua l  c l a s s i f i e d  as f i e l d  dependent 
or f i e l d  independent. In designing Experiment I I  of  the present study'  
( the grading experiment),  i t  was necessary to review a strand of f - d / i  
l i t e r a t u r e  which reports  what might be ca l led  "person-person" or 
match/mismatch research. I t  should be noted tha t  research on teacher/ 
student match-mismatch e f fe c ts  has been very l im i te d .  Moreover, 
repor ts  o f  such research in the context of actual high school or 
col lege courses are almost nonexistent.
One study o f students and teachers in a regular  classroom se t t ing  
(DiStefano, 1970) reported tha t  students and teachers o f the same 
cogn i t ive  s ty le  tended to view each other more p o s i t i v e l y  on both 
personological and cogn i t ive  grounds than students and teachers of 
d i f f e r e n t  s ty les .  In a study o f teachers and students in a small 
minicourse (one teacher per s ix  students w ith  three of the students 
f ie ld - independent  and three f ie ld -dependent) ,  James (1973) found tha t  
the most extremely f ie ld - independen t  teacher assigned the three highest
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grades in the class to the three f ie ld - independent  students, and the 
most extremely f ie ld -dependent teacher assigned the three highest 
grades in  th a t  class to the three f ie ld-dependent students. In may be 
th a t  the cogn i t ive  s ty le  match y ie ld s  a b e t te r  interpersonal experience, 
or th a t  the match is in f a c t  accountable fo r  more learn ing in the 
student because the mind of the techer is  " in  phase" w ith  the mind of 
the student,  o r ,  as Shows (1968) has suggested, i t  may be tha t  
c h a ra c te r i s t i c  verbal communication patterns o f f ie ld-dependents (or 
f ie ld - independen ts ) may f a c i l i t a t e  understanding in matched- fo r-s ty le  
dyads. Mahlios (1981) suggests tha t  cogn i t ive  s ty le  alone is not 
h igh ly  associated with  i n te ra c t io n  patterns. In the DiStefano and 
James stud ies, a sex match/mismatch e f f e c t  was not allowed to occur. 
(DiStefano used male teachers and students only ;  James used male 
teachers and female students o n ly . )  However, W i tk in ,  Moore,
Goodenough, and Cox (1977) reported tha t  in a match/mismatch study 
conducted in co l la b o ra t io n  w ith  another group o f researchers, they 
observed a sex match/mismatch e f f e c t ,  as measured by teachers'  and 
adolescent students'  eva luat ions on post-course interpersonal  a t ­
t r a c t i o n  quest ionnaires, but f a i l e d  to detect any cogn i t ive  s ty le  
match/mismatch e f fe c t .  In t h i s  la s t  study, the most p o s i t i ve  
evaluat ions were found in the same-sex dyads. Unfor tunate ly ,  none of 
the ea r ly  studies o f the e f fe c ts  of teacher/s tudent cogn i t ive  s ty le  
match/mismatch d e a l t  w ith  mathematics learn ing.
One wel l  designed match/mismatch study which did involve mathe­
matics, was done by Packer and Bain (1978). These inves t iga to rs  
reported p o s i t i v e  teacher/s tudent matching e f fe c ts  on ob jec t ive  te s t
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performance, fo l low ing  a 30-40 minute lesson on network t rac ing .  In 
th i s  study the lesson was taught by col lege students to co l lege students.
The studies mentioned above ra ise  a number o f quest ions. For 
example, are matching e f fe c ts  responsible f o r  more e f f i c i e n t  cogn i t ive  
processing on the par t  o f  the student and hence conducive to greater  
learning? Are matching e f fec ts  responsible fo r  greater interpersonal 
a t t r a c t io n  which in tu rn motivates the student to invest  more time and 
energy in  the learn ing process? Or, are matching e f fe c ts  responsible 
fo r  greater  in terpersonal  a t t r a c t i o n ,  which in f luences,  not necessar i ly  
the extent o f learn ing ,  but ra ther  the outcome of evaluat ions in  favor 
o f a student matched to the eva lua to r 's  sty le?
I t  is  t h i s  l a s t  quest ion upon which Experiment I I  focuses. The 
not ion th a t  extraneous aspects of a performance are o ften brought to 
bear on the evaluat ions o f tha t  performance has been demonstrated in a 
study by Markam (1976) who found tha t  essays submitted in b e t te r  
handwri t ing received higher grades than poor ly  handwri t ten essays, 
regardless of the q u a l i t y  of the content.  C l i f f o r d  and Walster (1973) 
found tha t  physical a t t rac t iveness  was s i g n i f i c a n t l y  re la ted  to teacher 
expectat ions regarding a number o f student c h a ra c te r i s t i c s ,  inc lud ing  
in te l l i g e n c e .  That the interpersonal a t t r a c t i o n  observed in  matched- 
t o - s t y l e  r a te r / r a te e  dyads might mediate a more magnanimous ra t in g  
response is cons is tent w ith  the match/mismatch studies c i te d  above.
In add i t ion  to ce r ta in  expectat ions fo r  match/mismatch e f fe c ts  in 
grading, there is some evidence supporting an expectat ion o f ce r ta in  
main e f fe c ts  o f grader cogn i t ive  s ty le  on grading outcomes.
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In chapter I we b u i l t  a case, on th e o re t ic a l  grounds, support ing 
the expectat ion th a t  the f ie ld-dependent grader might accede more 
re a d i l y  than the f ie ld- independent grader,  to the in terpersonal  pres­
sures o f the grading s i tu a t ion s .  This acquiescence might then manifest 
i t s e l f  in d i f f e r e n t  grading patterns fo r  the two sets o f  graders.
Results in the f i e l d  of appraisal research suggest th a t  f i e l d  
independents are more accurate and more d isc r im in a t in g  in  t h e i r  ra t ings  
of others. Results of a study conducted by Gruenfeld and Arbuthnot 
(1969) support the hypothesis tha t  v a r i a b i l i t y  in  the ra t ings  of 
ind iv idu a ls  is  s i g n i f i c a n t l y  re la ted  to f - d / i  as measured by the RFT 
but not the EFT, w ith  f i e l d  dependents showing greater v a r i a b i l i t y  in 
ra t in g  pat terns than f i e l d  independents. More re ce n t ly ,  Cardy and 
Kehoe (1984) demonstrated tha t  f ie ld - independents  provided s i g n i ­
f i c a n t l y  more accurate ra t ings  of others than d id f ie ld -dependent 
ra te rs ,  when those ra t ings were based on w r i t t e n  v igne t tes  descr ib ing 
the "o th e r . "  The natural  quest ion ar ises then as to whether or not, 
in add i t ion  to possible cogn i t ive  s ty le  match/mismatch e f fe c ts  in  a 
grading s i t u a t i o n ,  there might also e x is t  main e f fe c t s  favor ing  the 
students graded by the f ie ld-dependent graders.
Since grading in the calculus course under in v e s t ig a t io n  occurs 
in  a face- to - face  student-grader arrangement, the hypothesis tha t  
f ie ld-dependents are more l ib e ra l  in t h e i r  grading behavior becomes 
qu ite  reasonable when the f ie ld-dependent is viewed as an ind iv idua l  
u n l i k e ly  to " i n t e r r u p t "  (Pascuale-Leone, 1974) the i r r e l e v a n t  though 
commanding in f luence of the student,  whose in te rpersonal  pressure has 
one purpose: to  produce the most favorable grading outcome. Based on
the discussion con t ras t ing  the p re d ic t i v e  powers of the EFT and RFT, 
is reasonably to assume th a t  the RFT would act as a b e t te r  t ra ce r  fo r  
such ra t in g  d i f fe rences than the EFT. Moreover, the p o s s i b i l i t y  fo r  
sex i n te ra c t io n  e f fe c ts  to wash out the in f luence of cogn i t ive  s ty le  
e f fe c ts  should be considered in any analysis of the grading scenario.
Sex E ffec ts  vs. Cognit ive Sty le  E ffec ts
In discussing cogn i t ive  s ty le  match/mismatch research, we noted 
tha t  i t  is  sometimes the case tha t  sex match/mismatch e f fe c ts  "wash 
out" the cogn i t ive  s ty le  e f fe c ts .  The "washing out" o f cogn i t ive  
s ty le  e f fe c ts  by sex e f fe c ts  may not be r e s t r i c t e d  to person-person 
s i tu a t ion s .  There is some support f o r  the p o s i t io n  th a t  ce r ta in  
c u r r i c u la r  procedures may be d i f f e r e n t i a l l y  e f f e c t i v e  f o r  males and 
females, p a r t i c u l a r l y  in the area of mathematics i n s t ru c t io n .  That 
such sex e f fe c ts  may overshadow expected cogn i t ive  s ty le  e f fe c ts  
should be considered a real p o s s ib i l i t y .
One argument th a t  ce r ta in  types o f i n s t r u c t io n  might be more 
e f fe c t i v e  fo r  female than male learners stems from a considerat ion of 
contras t ing  c h a ra c te r is t i c s  o f males and females, not un l ike  the 
d i f fe rences between f ie ld - independent  and f ie ld -dependent learners 
already discussed. Chodorow (1974) suggests tha t  women possess a 
"s t ronger basis fo r  experiencing another 's  needs or fee l ings  as one's 
own" (p. 167), and "experience themselves as less d i f f e r e n t i a t e d  than 
boys, as more continuous w ith  and re la ted  to  the external ob jec t -  
worlds, and as d i f f e r e n t l y  or iented to  t h e i r  inner ob jec t -wor ld  as 
w e l l "  (p. 167). I t  was p rec ise ly  t h i s  lack of d i f f e r e n t i a t i o n  th a t
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Witk in  e t  a l .  (1962) perceived as responsible fo r  the poor ly  developed 
a n a ly t i c  s k i l l s  and the h igh ly  developed social  in te ra c t io n  s k i l l s  of 
the f ie ld-dependent.  On th is  basis,  i n s t ru c t io n  tha t  compensates fo r  
a n a ly t i c  de f ic ie n c ie s  and involves a social  component is  expected to 
be f a c i l i t a t i v e  fo r  the f ie ld-dependent learner.  However, in the 
l i g h t  o f  Chodorow's comments, i t  seems not unreasonable th a t  such 
i n s t r u c t i o n  might be f a c i l i t a t i v e  fo r  the female learner .
A few c l a r i f i c a t i o n s  are in order. From the cogn i t ive  s ty le  
po in t  o f view, the social  in te ra c t io n  s k i l l s  are the re s u l t  of  a 
pa t te rn  o f  o the r -d i rec ted  in format ion-gather ing  behaviors intended to 
compensate fo r  ce r ta in  a n a ly t i c  de f ic ienc ies  in the f ie ld-dependent 
i n d iv id u a l .  From the sex-d i f fe rence perspect ive, the existence of 
such soc ia l  s k i l l s  may be l i t t l e  more than a developmental a r t i f a c t .  
For W i tk in ,  a n a ly t i c  d e f ic ienc ies  are pervasive and i r r e v e rs ib le  
c h a ra c te r i s t i c s  o f f ield-dependence. However, in women the mani­
fe s ta t io n  o f such d e f ic ienc ies  may be the re s u l t  of  cons tan t ly  re ­
pressing the exercise of a n a ly t i c  s k i l l s ,  in conformance to what David 
McClel land c a l l s  "standards of psychological expectat ion"  (1975, p.
81). This suggests tha t  women may bene f i t  from programs designed to 
awaken these la te n t  a b i l i t i e s ,  and the research on such in te rven t ion  
programs in  mathematics has borne th i s  out (Brody & Fox, 1980; 
MacDonald, 1980), w ith  the importance of a social  component in such 
programs duly  noted (Brady & Fox, 1980). In a study o f spa t ia l  
a b i l i t i e s  in male and female calculus students, Mundy (1980) observed 
th a t  spa t ia l  t r a i n in g  was more e f fe c t i v e  fo r  women tha t  men in en­
hancing spa t ia l  v i s u a l i z a t io n  a b i l i t i e s .  I t  may be the latency of
such s k i l l s  in  women th a t  accounts fo r  t h e i r  greater  responsiveness to 
in te rven t ion .
Summary
An i n d i v id u a l ' s  p o s i t io n  on the field-dependence/independence 
continuum has been presented here as an in d ica to r  of a c lu s te r  of 
in format ion processing t r a i t s .  The con t ras t ing  p r o f i l e s  o f f i e l d -  
dependent vs. f ie ld - independent  ind iv idu a ls  suggest tha t  f i e l d -  
dependents are more l i k e l y  than f ie ld- independents  to re ly  on and be 
inf luenced by external sources of informat ion. These p r o f i l e s  suggest 
several hypotheses regarding
i )  the r e la t i v e  e ffec t iveness  of various types o f i n s t ru c t io n a l *  
treatments fo r  students o f  the two types (Experiment I ) ,  and
i i )  patterns o f grading re la ted  to the cogn i t ive  s ty le  o f the 
grader,  as wel l  as i n te ra c t io n  e f fe c ts  o f s tudent 's  and grader 's  
cogn i t ive  s ty les  (Experiment I I ) .
The f ie ld-dependent as a learner appears to be an ind iv idua l  fo r  
whom in s t ru c t io n a l  mater ia ls  may be more valuable i f  they incorporate 
s p e c i f i c  s t ru c tu r in g  mechanisms and involve a s o c ia l l y  mediated i n ­
formation gathering component. The f ie ld-dependent as a grader appears 
l i k e l y  to be inf luenced by the interpersonal  pressure exerted by the 
student.
In the next chapter we turn  our a t te n t io n  to the sp e c i f i c  hypothese 
o f the study and the experimental  designs employed to t e s t  them.
CHAPTER I I I
EXPERIMENTAL DESIGN AND METHODOLOGY 
In t roduc t ion
One strand of research on cogn i t ive  s ty les  has been motivated by 
the desire to i d e n t i f y  those ch a rac te r is t ie s  of i n s t r u c t i o n  which 
appear to be d i f f e r e n t i a l l y  f a c i l i t a t i v e  fo r  ind iv idu a ls  o f c o n t ra s t ­
ing s ty les .  Pre requ is i te  to the success o f such Apt i tude Treatment 
In te ra c t io n  (ATI) research is  the need fo r  de l inea t ing  behaviors and 
processes c h a ra c te r i s t i c  o f ind iv idu a ls  of d i f f e r e n t  s ty les .  The 
th e o re t ica l  basis f o r  the cogn i t ive  p r o f i l e s  of f ie ld-dependent vs. 
f ie ld - independent  in d iv id u a ls ,  as appl ied in the present study, has 
been exp l ica ted in chapter I I .  Stated b r i e f l y ,  the f ie ld - independen t  
is l i k e l y  to be more adept than the f ie ld-dependent a t autonomously 
generating product ive templates in s i tu a t ion s  requ i r ing  cogn i t ive  
re s t ru c tu r in g ,  and in ignor ing the inf luences of s a l i e n t  but non­
product ive templates. Ref lec t ing  a more " o t h e r - r e l i a n t "  approach in 
gathering and processing in fo rmat ion ,  the f ie ld-dependent usual ly  
e xh ib i t s  a wel l developed set of socia l  in te ra c t io n  s k i l l s  and an 
a f f i n i t y  fo r  in te rpe rso n a l ly  loaded s i tu a t io n s .  Such c h a ra c te r i s t i c s  
are not so commonly found in  f ie ld - independents .
The present study w i l l  con t r ibu te  to the e x is t in g  body o f educa­
t i o n a l l y  or iented research on f ield-dependence/ independence ( f - d / i )  
by exp lo r ing
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i )  e f fe c ts  o f  f - d / i ,  sex, and con t ras t ing  types of audio­
visual  t u t o r i a l  presenta t ions on achievement in mathematics (Experiment 
I ) ,  and
i i )  e f fe c ts  o f  students'  and graders' cogn i t ive  s ty les  on 
ca lcu lus te s t  scores (Experiment I I ) .
The e f fe c ts  o f  sex on cogn i t ive  s ty le  and mathematics achievement 
measures also are assessed, as are s tudent/grader sex match/mismatch 
e f fe c ts  on the ca lcu lus te s t  scores.
Envi ronment
The s e t t i n g  fo r  the present study was the f i r s t  course in  a 
two-semester ca lcu lus sequence, Math 425-Math 426, o f fe red  a t the 
U n ive rs i t y  o f New Hampshire (UNH) during the spr ing term of academic 
year 1978-1979. UNH is a s ta te  u n iv e rs i t y  whose student popula t ion is 
composed o f roughly 1000 graduate students and 9300 undergraduates, 
w i th  approximately 60% of the undergraduates repor t ing  New Hampshire 
as t h e i r  s ta te  o f permanent residence. During the 1978-1979 academic 
year,  UNH granted 196 Assoc ia te 's ,  2006 Bachelor 's ,  341 Maste r 's ,  and 
31 Doctoral  degrees.
Usual ly,  freshmen intending to take the two-semester calculus 
sequence, Math 425-Math 426, complete Math 425 in  the f a l l  semester 
and Math 426 in the spr ing semester. Ref lec t ing  th i s  p ra c t i ce ,  Math 
425 enrol lment  in  the f a l l  semester normally runs between 1100 and 
1200 students, whi le  the spring o f fe r i n g  o f Math 425 usual ly  has an 
enrol lment o f  200 to 300 students.
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Math 425 is conf igured so as to incorporate many o f  the character­
i s t i c s  o f K e l le r ' s  system of personal ized i n s t r u c t io n  (K e l le r  &
Sherman, 1974). Formal presentat ion of course mater ia l  is 
accomplished through large lectures de l ivered in  one-hour classes 
three times per week. In add i t ion ,  each student is  assigned to a 
two-hour te s t in g  period each week. At the time when the present study 
was being conducted, the course content was subdivided in to  four 
u n i t s ,  and a s tudent 's  grade fo r  the course was based so le ly  on four  
u n i t  t e s t  scores.
Consistent w ith  the mastery learn ing approach, students may take 
up to three " t r y s "  on each u n i t  t e s t ,  w ith  the score on the f i n a l  t r y  
(whether i t  be the f i r s t ,  second, or t h i r d  t r y )  standing as the score 
f o r  the un i t .  However, each student is required to repor t  to the 
te s t in g  center fo r  a " f i r s t - t r y "  on each u n i t ' s  mater ia l  a t  his or her 
assigned time during the week designated as " f i r s t - t r y  week" fo r  the 
un i t .  The student can then e le c t  to re tu rn  a t h is /h e r  assigned time 
on e i t h e r  or both of the two subsequent weeks fo r  repeat tes t ings  on 
p a ra l le l  forms of the same u n i t  te s t .  Obviously, only two repeat 
tes t ings  are ava i lab le  f o r  each u n i t  in the course. For the semester 
under in v e s t ig a t io n ,  " f i r s t - t r i e s "  occurred on weeks 4, 7, 10, and 13 
of the semester f o r  un i ts  I ,  I I ,  I I I ,  and IV respec t ive ly .  Weeks 1 
and 2 o f the semester were reserved fo r  p re tes t ing .
The te x t  fo r  the course was Calculus w ith  A na ly t ic  Geometry 
(Swokowski, 1975), and content fo r  the course was organized as 
fo l lows:
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Uni t  1 Computing l i m i t s ;  computing de r iva t ives  o f polynomial
and ra t iona l  funct ions and funct ions invo lv ing  ra d ica ls ;  using the 
product,  quot ien t ,  and chain ru les ;  i m p l i c i t  d i f f e r e n t i a t i o n ;  higher 
d e r iva t i ve s ;  equat ions of tangent l ines .
Unit  2 Graphing conic sect ions; f i r s t  and second d e r iva t ive
te s ts ;  asymptotic behavior;  max-min problems; re la ted  rates problems.
Uni t  3 A n t id e r i v a t i v e s ;  d e f i n i t e  and i n d e f i n i t e  in teg ra ls  o f 
polynomial funct ions and funct ions invo lv ing  ra d ica ls ;  computing areas 
o f  regions bounded by polynomial func t ions ;  computing volumes of 
so l ids  o f revo lu t ion  using polynomial func t ions ;  arc length;  appl ied 
work and f l u i d  pressure problems.
Uni t  4 Exponential ,  loga r i thm ic ,  and t r igonom etr ic  funct ions:
d i f f e r e n t i a t i o n ,  in te g ra t io n ,  curve sketching, max-min problems, 
re la ted rates problems, areas by in te g ra t io n ,  so l ids  of revo lu t ion .
Informal ca lcu lus help sessions are conducted by mathematics 
graduate students in a t u t o r i a l  room which is  open 30 hours per week. 
Students genera l ly  come to  th i s  room to have t h e i r  ca lculus quest ions ' 
answered by the graduate students, and f requen t ly  f in d  th a t  t h e i r  
discussions involve other students.
No calculus homework is co l lec ted  as par t  of  the course requ i re ­
ments, though problems are assigned as preparat ion fo r  the u n i t  tests .
At the beginning o f the course, a te s t  of algebra and tr igonometry 
knowledge is administered to a l l  students. This t e s t  w i l l  be re fe r red  
to herea f te r  as the p r e te s t . For each student the p re te s t  score is 
used to determine whether or not a formal review of ce r ta in  precalculus 
s k i l l s  is  to be included as one o f the calculus course requirements. 
Should such a review be deemed necessary, the student is d irected to 
the Mathematics Center (MaC), where an appropr iate program of review 
is ou t l ined  fo r  the student.  Such remedial programs u t i l i z e  i n d i v i ­
dual ized audio and audio-v isua l  t u t o r i a l  mater ia ls  developed in modular 
form, and usual ly  requi re  th a t  the student v i s i t  MaC fo r  several
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one-hour sessions and work on homework problems between sessions. At 
the time when the present study was conducted, students were required 
to complete any requi red remedial work p r i o r  to t h e i r  f i r s t  attempt of 
the u n i t  IV te s t  (week 13 of a 15-week semester).
As mentioned e a r l i e r ,  a l l  t e s t in g  fo r  the calculus course is 
conducted in a te s t in g  center.  Moreover, each calculus te s t  is  graded 
immediately a f t e r  the student f in ish e s ,  in a grading room next door to 
the te s t in g  center.  The graders are advanced undergraduates, mostly 
students in the College o f  Engineering and Physical Sciences, the 
co l lege in which the Mathematics Department is  housed. A f te r  f i n i s h ­
ing a u n i t  t e s t ,  the student is assigned to the next ava i lab le  grader, 
who then proceeds to grade the exam i_n the presence o f the s tudent.
Each u n i t  t e s t  contains f i v e  problems, and there are 26 p a ra l le l  
versions o f each problem. The tes ts  are assembled in  a random fashion 
to produce a s u f f i c i e n t  number of va r ia t ions  to accommodate a large 
number o f students in the mastery te s t in g  environment. A grading 
manual provides the graders with  gu idel ines fo r  the a l lo c a t io n  of 
po in ts .  (Each problem requires a free-response so lu t io n ,  thus grading 
in v a r ia b ly  involves some grader judgment.)
Experiment I :  Remedial In s t ru c t io n
The f i r s t  experiment in the present study was designed to explore 
possib le  main and in te ra c t io n  e f fe c ts  of cogn i t ive  s ty le ,  sex, and 
type o f  remedial presenta t ion on measures of tr igonometry achievement 
and calculus achievement fo l lo w ing  in te rven t ion .  Based on the pre­
v a i l i n g  th e o re t ica l  framework, exp l ica ted in chapter I I ,  the
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expectat ion was th a t  the posttreatment performance o f f ie ld-dependent 
learners would be enhanced by the in te rpe rsona l ly  r i c h  and (su b t ly )  
s t ruc tu red  environment created by the Dialogs. On the other hand, the 
f ie ld - independent learner might be expected to perform op t ima l ly  under 
the more d i r e c t  Monolog condi t ion . Moreover, the analyses employed in 
inve s t ig a t in g  these hypotheses should al low fo r  the p o s s i b i l i t y  of sex 
d i f fe rences ,  and also fo r  the p o s s ib i l i t y  tha t  a disembedding measure 
of f - d / i  (such as the EFT) might produce a d i f f e r e n t  pa t te rn  of e f fec ts  
from th a t  produced by an o r ie n ta t io n  measure o f f - d / i  (such as the 
RFT).
Subjects
Subjects involved in  Experiment I were those students in  the 
f i r s t  semester calculus course o ffered at UNH in spr ing 1979, who 
fa i l e d  to receive a score o f 7 or b e t te r  on the 16-item tr igonometry 
subtest of the p re tes t .  (The p re tes t  w i l l  be described in  greater 
d e ta i l  in the discussion o f instrumentat ion fo r  Experiment I . )
P r io r  to random assignment of subjects to treatment groups, some 
steps were taken to determine p rec ise ly  who was and who was not i n ­
tending to take the course. Of the 230 students l i s t e d  on the i n i t i a l  
course ro s te r ,  36 students e i t h e r  f a i l e d  to  take the p re tes t  
(administered during the f i r s t  and second weeks o f classes) or f a i l e d  
to take the required f i r s t  attempt of the ca lculus u n i t  I te s t  
(administered during the fou r th  week of classes).  When an attempt was 
made to  contact these students i n d i v id u a l l y  in the hope o f ascer ta in ­
ing t h e i r  status in t h i s  course, e i t h e r  they rep l ied  tha t  they were
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dropping the course, or i t  was determined th a t  they had f a i l e d  to 
re tu rn  to campus a f t e r  the previous semester. Scores on the 
tr igonometry subtest o f the p re te s t  were then used to determine who, 
o f the remaining 194 "a c t iv e "  students, whould require  remediation. 
(Remediation was aimed s o le ly  a t t r igonometry de f ic ie n c ie s  fo r  the 
purposes o f the present s tudy .)  F o r ty - f i v e  students received a score 
of 7 or b e t te r  on the tr igonometry po r t ion  o f  the p re te s t ,  and were 
subsequently informed th a t  no remediation would be required.  The 
remaining 149 students were informed th a t  they would be required to 
p a r t i c ip a te  in a remedial program offe red  in MaC, as pa r t  o f  t h e i r  
calcu lus course requirements. These 149 students were randomly 
assigned to s ix  experimental  groups, designed to accomodate pretested 
and unpretested leve ls  o f  three experimental  cond i t ions .  Short ly  
a f t e r  assignment, four  students were excused from the MaC remedial 
sessions (one fo r  medical reasons, one due to involvement in  a ch i ld  
custody s u i t ,  one due to fam i ly  commitments, and one f o r  employment 
reasons). The data fo r  these four  students have been e l im inated from 
a l l  analyses. In a d d i t io n ,  f i v e  students who added the course la te  
were pretested and a l l  f i v e  required remediation. These f i v e  students 
were then randomly assigned to the e x is t in g  treatment groups. There­
fore there was a to ta l  o f  195 students a c t i v e ly  en ro l led  in  the course 
and f u l f i l l i n g  a l l  i t s  requi rements, w ith  150 of these students required 
to  take remediat ion, and thus serv ing as subjects f o r  Experiment I .
Age data were ava i lab le  f o r  122 o f these 150 subjects. Ages as of 
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Figure 5. Age data f o r  subjects in Experiment I .
Class and co l lege data were ava i lab le  fo r  a l l  150 subjects, 
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Figure 7. Col lege data f o r  subjects in Experiment I .
As was mentioned e a r l i e r ,  the ca lcu lus course prov id ing  the 
environment f o r  the present study was o f fe red  during the spring 
semester, and had a to ta l  enrol lment  o f roughly 200 students. During 
the f a l l  semester the same course has a to ta l  enrol lment of roughly 
1100-1200 students. In add i t ion  to the obvious d i f fe rence  in e n r o l l ­
ment f igu res  between the f a l l  and spr ing o f fe r in gs  o f Math 425, there 
appear to be d i f fe rences  in  the c h a ra c te r is t i c s  of the enrol  lees as 
w e l l .
A comparison o f  student c h a ra c te r is t i c s  in the present study with  
student c h a ra c te r is t i c s  in a study focusing on the Math 425 course 
o ffe red  in the f a l l  semester o f academic year 1979-1980 (Mundy, 1980), 
reveals several d i f fe rences .  F o r ty - f i v e  percent o f the spring 
enro l lees were 17 or 18 years o ld , whi le  88% of the f a l l  enro l lees 
f a l l  in  tha t  age bracket;  28% of the spring enrol lees were between 20 









bracket.  Agewise, the spring enro l lees are fa r  less homogeneous than 
the f a l l  enro l lees.
As fa r  as class data are concerned, 75% of the spring enrol lees 
were Freshmen vs. 90% of the f a l l  en ro l lees ,  whi le  14% o f  the spr ing 
enro l lees were Sophomores vs. 6% of the f a l l  enro l lees.  Again, the 
tendency is fo r  the spring students to represent a somewhat more 
heterogeneous mix when compared w i th  the f a l l  students who are over­
whelmingly Freshmen.
Col lege-wise, notable d i f fe rences between the two Math 425 groups 
were as fo l lows:  f o r  the spring group, 19% came from the College of
Engineering and Physical Sciences (CEPS), 30% from the College of 
Liberal  Arts  (LA), and 29% from the Col lege of L i fe  Science and
A g r icu l tu re  (LSA); fo r  the f a l l  group 43% came from CEPS, 26% from LA,
and 16% from LSA. I t  is  c lea r  th a t  the f a l l  group contains a much 
higher concentra t ion o f students from Engineering and Physical 
Sciences than the spring group.
Design: Experiment I
The three experimental  condi t ions were as fo l lows:  (1) a
remedial program in tr igonometry  cons is t ing  o f f i v e  one-hour sessions
employing audio-v isual  ( s l i d e / t a p e )  presentat ions in  teacher-s tudent 
d ia log form; (2) a remedial program in tr igonometry  cons is t ing  of f i v e  
one-hour sessions employing audio-v isua l  ( s l i d e / t a p e )  presentat ions in 
teacher-only  monolog form; (3) a contro l  cond i t ion  cons is t ing  o f f i v e  
one-hour sessions in  which no tr igonometry  remediation was o f fe red ,  
but in which top ics  in a n a ly t i c  geometry and algebra were reviewed in 
a u d io - tu to r ia l  (monolog) form.
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The top ics  covered in each o f  the f i v e  sessions o f the d ia log and 
monolog treatment condi t ions were as fo l lows:
Session 1 Right t r i a n g le s ;  u n i t  c i r c l e ;  the d e f i n i t i o n
of degree and radian measurement.
Session 2 Conversion between degree and radian
measurement; t r igonometr ic  func t ion  
values of 0, n / 6 , n /4 ,  n / 3, n / 2 ,  and 
angles having those as reference angles.
Session 3 Simple i d e n t i t i e s ;  domains, ranges, and
p e r io d i c i t y  o f the tr igonometr ic  func­
t io n s ;  algebra o f t r igonom etr ic  expres­
sions; graphs o f the tr igonometr ic  
funct ions and t h e i r  t ransformations.
Session 4 Sum and d i f fe rence  formulas; h a l f -  and
double angle i d e n t i t i e s ;  proving i d e n t i t i e s ;  
t r igonometr ic  equat ions.
Session 5 Inverse func t ions ;  eva luat ing  and graphing
the inverse t r igonometr ic  funct ions.
For each o f the f i v e  sessions there were pre- and postsession quizzes 
covering the top ic  in  tr igonometry  trea ted  in th a t  session.
To accommodate the two treatment condi t ions and a contro l  condi ­
t i o n ,  a modif ied Solomon four-group design (Campbell & Stanley, 1966, 
p. 24) was used. Experimental groups I I ,  IV, and VI did not receive 
the presession quizzes, but received the same experimental  t reatments, 
respec t ive ly ,  as pretested groups I ,  I I I ,  and V. The in te n t  of th i s  
design is  to a l low contro l  fo r  possib le p rac t ice  e f fe c ts  and preses­
sion quiz x treatment i n te ra c t io n  e f fe c ts  on the postsession quizzes.
The number o f subjects in each of the s ix  experimental  groups is 
shown in Table 1, w ith  breakdowns by sex.
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Table 1
Numbers o f  Subjects by Experimental Group and by Sex
Experimental Group n Male
Sex
Female
I (d ia log ;  pretested) 25 17 8
I I  (d ia log ;  unpretested) 25 16 9
I I I  (monolog; pretested) 26 15 11
IV (monolog; unpretested) 26 22 4
V ( c o n t r o l ; pre tested) 23 14 9
VI ( c o n t r o l ; unpretested) 25 16 9
TOTAL 150 100 50
As mentioned e a r l i e r ,  a l l  students received the a lg e b r a / t r i g ­
onometry p re tes t  by the end o f the second week o f classes. In addi­
t i o n ,  two measures of f - d / i ,  the Group Embedded Figures Test (GEFT; 
W i tk in ,  Oltman, Raskin, & Karp, 1971) and the M in ia tu r ized  Rod and 
Frame Test (MRFT; Mansueto & Adevai, 1967), were administered to a l l  
students enro l led  in the calculus course. A p a ra l le l  version o f the 
tr igonometry subtest of the p re tes t  was used as a measure o f t r i g ­
onometry achievement a f t e r  the f ive -sess ion  program in the Mathematics 
Center was completed. Scores on the u n i t  IV calculus t e s t ,  a t e s t  
requ i r ing  the knowledge and app l ica t ion  o f tr igonometry , were used to 
measure the t r a n s fe r  o f knowledge to the calculus se t t ing .  (A l l  
measures w i l l  be considered a t length in the discussion o f instrumenta­
t io n  fo r  Experiment I . )




Experimental Design: Experiment I
Treatment Groups
I I I  I I I IV V VI
Algebra/Trigonometry Pretest + + + + + +
Group Embedded Figures Test (GEFT) + + + + + +
Min ia tu r ized  Rod and Frame Test 
(MRFT) + + + + + +
Treatment DIA DIA MONO MONO CTRL CTRL
Presession Quizzes + - + - + -
Postsession Quizzes + + + + + +
Remedial Program Trigonometry 
Posttest + + + + + +
Uni t  IV Calculus Test + + + + + +
Note. "+" ind ica tes th a t  the measure was administered; 
ind icates th a t  i t  was not.
a"DIA" ind icates th a t  remedial t reatments were in d ia log  form; 
"MONO" ind icates  th a t  remedial t reatments were in  monolog form; "CTRL" 
ind icates the contro l  cond i t ion .
Procedure: Experiment I
A l l  students en ro l led  in  the calcu lus I course were given the 
Algebra/Trigonometry p re tes t  by the second week o f the course. Based 
on performance on the tr igonometry subtest of t h i s  p re te s t ,  150 o f  the 
195 students a c t i v e ly  enro l led  in the course were informed th a t  
remediation would be required, and tha t  t h i s  requirement would neces­
s i t a te  f i v e  v i s i t s  to MaC. Moreover, they were warned th a t  f a i l u r e  to 
complete the remedial program would p r o h ib i t  t h e i r  tak ing  the u n i t  IV 
calculus te s t .  These 150 remedial students acted as subjects in 
Experiment I .
6^
At the same time the te s t  of precalcu lus knowledge was ad­
min is te red, the Group Embedded Figures Test was also administered to 
a l l  students in the course.
Subjects were randomly assigned to the s ix  treatment groups, and 
given appointment schedules fo r  v i s i t i n g  MaC at the pace o f one v i s i t  
per week. During a given session, subjects in the two d ia log and two 
monolog treatment groups were given the appropr iate treatment together 
w ith  pre- and/or postquizzes, and were then given a sheet of suggested 
homework problems as they l e f t  MaC. Subjects in the two contro l  
groups received no tr igonometry  remediation in MaC, but as they l e f t  
each session they were given w r i t te n  tr igonometry review pamphlets 
p a r a l l e l i n g  the i n - la b  remediat ion, and also were given the sheet of 
homework problems. Nei ther contro l  nor non-control  subjects were 
assessed a penalty f o r  f a i l u r e  to submit homework. In cases where 
homework was submitted at a given session, i t  was graded and returned 
to the student a t  the end o f the session.
Pre- and pos t tes t ing  the top ic  of an ind iv idua l  remedial session 
was accomplished according to the schedule ind icated in Table 2. 
Posttes t ing the e n t i r e  remedial program was accomplished a f t e r  each 
s tudent 's  f i f t h  v i s i t .  Students were informed th a t  there was no 
“ penalty" associated with  performance on the program pos t tes t .  The 
u n i t  IV ca lculus te s t ,  as a measure of t ra n s fe r ,  was administered, as 
a l l  ca lculus te s ts ,  in the Test ing Center, during the 13 t h - 15th weeks 
o f the semester.
The M in ia tu r ized  Rod and Frame Test was administered i n d i v id u a l l y  
to a l l  students in  the ca lcu lus course during the f i r s t  three weeks of
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treatment.  Since each adm in is t ra t ion  took roughly 20 minutes, and 
since the in ve s t ig a to r  was the sole adm in is t ra to r  o f the t e s t ,  a more 
c u r ta i le d  schedule fo r  MRFT adm in is t ra t ion  was impossible.
Instrumentat ion: Experiment I
Algebra/Trigonometry Pretest
Since the Fal l  semester o f  academic year 1978-1979, a l l  students 
tak ing calculus I a t  UNH have been required to take the same p re tes t  
th a t  was used in the study being reported here. The t e s t  consists  o f 
41 m u l t ip le  choice i tems, gleaned from two separate measures publ ished 
by the Mathematical Associat ion o f America (1977). The te s t  used at 
UNH is  a composite o f  the MAA's 25-item Mathematics Test AA/1 (Advanced 
Algebra),  and the 16 tr igonometry items from the 32- item Mathematics 
Test T/2 (Tr igonometry and Elementary Funct ions). Table 3 presents 
desc r ip t ive  s t a t i s t i c s  by col lege fo r  the e n t i re  41-item p re te s t ,  the 
25- item algebra subtest,  and the 16-i tem tr igonometry  subtest f o r  the 
e n t i r e  Spring 1979 ca lcu lus I c lass. A r e l i a b i l i t y  c o e f f i c i e n t  o f .64 
was estimated fo r  the e n t i r e  t e s t ,  based on the e n t i r e  c lass, using 
the Kuder-Richardson technique (Popham, 1975), w ith  r e l i a b i l i t y  fo r  
the algebra subtest and tr igonometry  subtest estimated to be .62 and 
.54 respec t ive ly  by the same technique. Descr ip t ive  s t a t i s t i c s  fo r  
the e n t i re  p re tes t  and the two subtests are given by col lege fo r  a l l  
remedial students in Table 4, and fo r  a l l  nonremedial students in 
Table 5. F in a l l y ,  desc r ip t ive  s t a t i s t i c s  fo r  the p re tes t  and the two 
subtests are given by remedial status and by sex in Table 6. A l l  
desc r ip t ive  s t a t i s t i c s  reported in t h i s  chapter were determined v ia
s t a t i s t i c a l  programs in  SPSS (Nie, H u l l ,  Jenkins, Steinbrenner, & 
Bent, 1975).
Tab l e  3
D e s c r ip t ive  S t a t i s t i c s  fo r  P re tes t  by Co llege, E n t i re  Calculus I  Class,
Semester I I ,  1978-1979
Ent i  re Test Al qe br a S ubtes t Tr igonomet r y  S ubtes t
Col lege n M SD M SD M SD
E ng inee r i ng  and Phys ica l  Sciences 37 19 .432 4 . 8 0 5 14 . 405 3 . 869 5 . 0 27 2 . 609
L i b e r a ]  Ar ts 60 19.083 4 . 6 7 0 14 .783 3 .4 20 4. 300 2 . 657
L i f e  Sciences & A g r i c u l t u r e 56 19.411 6 .0 4 8 14 .696 4.381 4 .7 1 4 2 .4 6 2
H e a l t h  Stud ies 9 20 .7 78 5 . 019 16. I l l 3 .4 08 4 .6 6 7 2.291
Whi t temore School o f  Business  
and Economics
21 18 .476 5 .1 7 3 14.191 4 . 2 5 0 4 .2 8 6 1 .927
Thompson School 1 13 .000 - 10 .000 - 3 . 000 -
D i v i s i o n  o f  Cont in ui ng  Educat ion 11 17.182 5 .845 13 .455 3 .6 98 3 . 727 3 . 797
E n t i r e  Class 195 I S . 118 5.241 14 .585  3 .8 93 4 . 5 3 3  2 .5 6 9
Ta b l e  4
D e s c r ip t ive  S t a t i s t i c s  f o r  P re te s t ,  by Co llege, f o r  Remedial Students in  the Calculus I Class,
Semester I I ,  1978-1979
Col l ege n
Ent i  re Test Alqebra Subtest Tr igonomet r y  Subtest
M SD M SD M SD
E n g inee r i ng  and Phys ica l  Sciences 25 18 .800 5 . 385 15 .120 4 . 0 2 4 3 . 680 1.931
L i b e r a l  Ar t s 46 17 .457 3.291 14 .304 3 . 154 3 . 1 52 1 .725
L i f e  Sciences & A g r i c u l t u r e 41 17 .098 4 .9 8 4 13 .512 4. 190 3 . 585 1 .732
H e a l t h  S tud ies 7 18.857 3.671 15 .000 2 . 7 69 3 . 857 1 .865
Whi t temore School o f  Business 20 17.950 4 .6 9 6 13 .950 4.211 4 . 0 0 0 1.451
and Economics
Thompson School 1 13 .000 - 10 .000 - 3 .000 -
D i v i s i o n  o f  C on t i nu i ng  Educat ion 10 16 .100 4 . 8 6 4 12 .900 3.381 3 . 200 3 . 5 5 3
A l l  Remedial  Students  ISO 17 .593 4 . 4 8 3  14 . 087  3 . 7 5 8  3 . 507  1 . 889
Ta b l e  5
D e s c r ip t ive  S t a t i s t i c s  fo r  P re te s t ,  by Co llege, f o r  Nonremedial Students in  the Calculus I  Class,
Semester I I ,  1978-1979
Col lege n
Ent i  re T e st A l ge br a  Subtest Tr igonomet r y  Subtest
M SD M SD M SD
Eng inee r i ng  and Phys ica l  Sciences 12 20 . 750 3 .0 79 12 .917 3 . 175 7 . 833 1. 193
L i b e r a l  Ar t s 14 24 . 429 4 . 6 2 0 16 .357 3 . 895 8.071 1 . 328
L i f e  Sciences & A g r i c u l t u r e 15 2 5 .733 3 . 770 17 .933 3. 150 7 . 800 1 .146
H e a l t h  S tud ies 2 2 7 .500 2.121 2 0 . 0 00 2 .8 2 8 7 . 500 0 .7 07
Whi t temore School o f  Business 1 2 9 .000 - 19 .000 - 10 .000 -
and Economics
Thompson School 0 - - - - - -
D i v i s i o n  of  Cont in ui ng  Educat ion 1 28 .0 00 - 19 .000 - 9 . 000 -




Descr ip t ive  S t a t i s t i c s  f o r  Pretest by Remedial Status and by Sex, 
Calculus I Class, Semester I I ,  1978-79
Ent i re  Test Algebra Subtest Trigonometry Subtest 
n M SD M SD M SD
Ent i re  Class
Women 73 20.123 5.525 15.288 3.991 4.836 2.739
Men 122 18.516 4.990 14.164 3.786 4.352 2.456
Remedial Students 
Women 50 17.820 4.246 14.440 3.753 3.380 1.850
Men 100 17.480 4.613 13.910 3.766 3.570 1.914
Nonremedial Students 
Women 23 25.130 4.635 17.130 3.946 8.000 1.279
Men 22 23.227 3.841 15.318 3.746 7.909 1.151
Measures o f Field-dependence/independence
(1) Group Embedded Figures Test (GEFT)
The Group Embedded Figures Test (Oltman et a l . ,  1971) was de­
signed as a group-admin is trab le  a l t e rn a t i v e  to the i n d i v i d u a l l y  
administered Embedded Figures Test (EFT; W i tk in ,  1950b). In t h i s  
t e s t ,  the subject is given a te s t  booklet conta in ing 18 embedded 
f ig u re  tasks. For each task,  the subject views a complex f ig u re  
wherein a simple f ig u re  l i e s  embedded. The ob jec t  o f the task is  to 
locate  the simple f ig u re  and then o u t l in e  i t .  The simple f igu res  are 
displayed on the l a s t  page of the te s t  booklet and hence cannot be
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viewed simultaneously w ith  the complex f i g u re .  An item s im i la r  to 
those used in the GEFT has been given in  Figure 3 (chapter  I ) .
The GEFT is  composed o f three sect ions. The f i r s t  sect ion con­
ta ins  seven very simple items and is used exc lus ive ly  f o r  p rac t ice  
purposes. The Second and Third Sections each conta in nine items of 
greater d i f f i c u l t y ,  and form the basis on which a score is determined 
fo r  each subject.  Of the 18 complex f igu res  tha t  are used in  the 
Second and Third Sections, 17 were taken d i r e c t l y  from the i n d i v i ­
dua l ly  administered EFT. W i tk in ,  Oltman, Raskin, & Karp (1971) repor t  
product-moment c o r re la t io n  c o e f f i c ie n t s  of - .82  and - .63  fo r  per­
formance on EFT vs. GEFT fo r  male and female undergraduates 
respec t ive ly .  (Corre la t ions  are negat ive since the measures are 
scored in the opposite d i r e c t i o n s . )  They also repor t  a r e l i a b i l i t y  
est imate o f  .82 fo r  both males and females on the GEFT. The KR£i 
r e l i a b i l i t y  c o e f f i c i e n t  f o r  the GEFT based on the present sample was 
also .82.
(2) M in ia tu r ized  Rod and Frame Test (MRFT)
The M in ia tu r ized  Rod and Frame Test was developed by Mansueto and 
Adevai (1967) as an a l t e rn a t i v e  to the co s t ly  Portable Rod and Frame 
Test (PRFT; Oltman, 1968). Moreover, the developers o f the MRFT 
repor t  th a t  the PRFT is  "not d i r e c t l y  comparable to the standard Rod 
and Frame Test (RFT) since the PRFT l im i t s  rod and frame adjustments 
to a maximum of 20° from the v e r t i c a l ,  whi le  the standard rod and 
frame apparatus (and the MRFT as w e l l )  u t i l i z e s  28° t i l t s "  (Mansueto & 
Adevai, 1967, p. 207).
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The MRFT is  a b o x - l i ke  s t ruc tu re  2 f t .  long, 14 in by 14 in at 
the subject end and 18 in  by 18 in  a t  the experimenter end, as shown 
in Figure 8. The MRFT apparatus used in t h i s  experiment was b u i l t  by 
the inve s t ig a to r  according to the sp e c i f i c a t io n s  provided by Mansueto 
and Adevai (1967).
Figure 8. Three views o f the MRFT. (Mansueto & Adevai, 1967, p. 208)
In the MRFT, the subject is  permit ted to view the ins ide  o f the 
box, wherein the only ob jects  v i s i b l e  are a luminescent frame (12 in 
by 12 in )  and w i th in  i t  a t h i n  luminescent rod (10.75 i n ) ,  placed at 
the opposite (experimenter) end of the box. Before each o f  e igh t  
t r i a l s ,  rod and frame are set by the experimenter: two sets o f a l l
combinations of frame 28° to  r i g h t  or l e f t  o f  v e r t i c a l  and rod 28° to 
the r i g h t  or l e f t  o f  v e r t i c a l .  The task f o r  the subject is  to 
re o r ie n t  the rod so tha t  i t  represents t rue v e r t i c a l ,  thus overcoming 
the confounding in f luence o f  the surrounding frame. The sum of the 
deviat ions ( in  degrees) of " sub jec t ive  v e r t i c a l "  from " t ru e  v e r t i c a l "  
over the e igh t  t r i a l s  is taken as the sub jec t 's  score on th i s  measure.
-Ik -----
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Mansueto and Adevai (1967) repor t  a rank c o r re la t io n  o f  scores on 
the standard rod and frame te s t  (RFT) and the MRFT equal to .97 (g < 
. 01).
Descr ip t ive  s t a t i s t i c s  f o r  the GEFT and MRFT are given by remedial 
sta tus and by sex in Table 7.
Table 7
Descr ip t ive  S t a t i s t i c s  f o r  the GEFT and MRFT by Remedial Status and 
by Sex, Calculus I Class, Semester I I ,  1978-79
GEFT MRFT
n M SD M SD
Ent i re  Class
Women 73 13.411 4.169 15.296 8.345
Men 122 13.689 3.737 15.074 8.686
A l l  Students 195 13.585 3.896 15.155 8.541
Remedial Students
Women 50 12.520 4.432 16.063 8.428
Men 100 13.560 3.710 15.570 9.068
A l l  Remedial Students 150 13.213 3.981 15.730 8.840
Nonremedi al Students
Women 23 15.348 2.724 13.696 8.115
Men 22 14.273 3.894 12.818 6.367
A l l  Nonremedial Students 45 14.822 3.353 13.267 7.244
7*
Session Pre- and Postquizzes
For the purpose of measuring sp e c i f i c  knowledge gains in  the 
course o f the f i v e  treatment sessions, f i v e  pa irs o f pre- and post­
session quizzes were developed by the experimenter. Each of the ten 
quizzes contained ten free-response items, and a l l  quizzes were graded 
by the same in d iv id u a l .  No p a r t i a l  c r e d i t  was allowed fo r  any o f the 
100 items used on the quizzes. Students were given a maximum of ten 
minutes to complete each quiz. Questions used on each presession/ 
postsession quiz c lose ly  fol lowed the material  presented in the 
associated remedial session. (Content f o r  the various remedial ses­
sions was o u t l ined  e a r l i e r  in  t h i s  chapter. )
For the analyses to be ca r r ied  out in the present study, the f i v e  
presession quiz scores were added together and the f i v e  postsession 
quiz scores were added together,  thus y ie ld in g  two summary measures, 
which w i l l  be re fe r red  to as PREQ and POSTQ. Kuder-Richardson 21 
(KR2 1 ) r e l i a b i l i t y  estimates (Popham, 1975) fo r  PREQ and POSTQ were 
.79 and .92 respec t ive ly ,  based on the present sample. Copies o f the 
session pre- and postquizzes are given in appendix B.
Trigonometry Post test
As a post-program te s t  o f t r igonometry knowledge, the 16 t r i g ­
onometry items from the 41-i tem m u l t ip le  choice Mathematics Test T/2b 
(Trigonometry and Elementary Funct ions),  developed by the Mathematical 
Associat ion o f America (1977) were used. The te s t  T/2b is  publ ished 
as a l te rna te  form of t e s t  T/2 which was used as a source f o r  the 
tr igonometry  items on the Algebra/Trigonometry p re te s t  described
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e a r l i e r .  A Kf^-j r e l i a b i l i t y  c o e f f i c i e n t  o f  .16 was estimated fo r  t h i s  
pos t tes t  measure, using the present sample. Because o f  the poor 
r e l i a b i l i t y  o f  t h i s  measure, i t  has been dropped from a l l  analyses.
Calculus Uni t  IV Test
Each s tudent 's  score on the ca lcu lus u n i t  IV t e s t  was used as 
measure o f t ra n s fe r  of t r igonometry knowledge to the ca lcu lus se t t in g .  
The t e s t  contained f i v e  f r e e - response problems covering the top ics 
presented in  u n i t  IV, described e a r l i e r  in t h i s  chapter.
Descr ip t ive  s t a t i s t i c s  fo r  the calculus u n i t  IV te s t  are given by 
remedial s ta tus and by sex in  Table 8.
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Table 8
Descr ip t ive  S t a t i s t i c s  f o r  the Calculus Uni t  IV Test by Remedial 




A l l  Students
Women
Men











A l l  Nonremedial Students 43












Th ir teen students dropped from the course before week 13 o f the 
semester.
Treatment Mater ia ls :  Experiment 1
Overview
Subjects in treatment groups I and I I  experienced f i v e  audio­
v isual  ( s l id e / ta p e )  p resenta t ions,  developed by the experimenter, and 
designed in  such a manner so as to  incorporate  in te rpersonal  and 
subt le  knowledge-structura l  components bel ieved to be appeal ing and
f a c i l i t a t i v e  to the f ie ld-dependent learner.  These presentat ions took 
the form o f  a conversat ion between a teacher and student during an 
o f f i c e  v i s i t .  They w i l l  be re fe r red  to herea f te r  as the Dia logs.
Subjects in treatment groups I I I  and IV experienced f i v e  audio­
visual ( s l i d e / t a p e )  presenta t ions, some o f  which had been developed 
fo r  a previous study. These presentat ions involved a s ing le  voice in 
the audio component and employ a t r a d i t i o n a l  d id a c t i c  approach in 
t h e i r  manner o f presenta t ion. These presentat ions w i l l  be re fe r red  to 
throughout the discussion as the Monologs. Both the Dialogs and 
Monologs made use o f the same v isua ls .
Subjects in treatment groups V and VI served as con tro ls .  They 
experienced f i v e  sessions reviewing various aspects o f Ana ly t ic  
Geometry and Algebra in a format incorporat ing  audio tapes and w r i t te n  
mater ia ls .  They received w r i t te n  versions of the tr igonometry reme­
d ia l  mater ia ls  fo l low ing  each session, and were encouraged to work on 
these a t home.
Development
During the spring term of academic year 1977-1978, the year p r io r  
to the year in  which the study was done, the inve s t ig a to r  administered 
the GEFT to students enro l led  in his Elementary Functions (p r im a r i l y  
tr igonometry) course, and id e n t i f i e d  each student as f ield-dependent 
or f ie ld - independent .  Students were f requen t ly  encouraged to v i s i t  
the i n s t r u c t o r ' s  o f f i c e  fo r  ind iv idua l  help w ith  the course material  
and problem sets. By means of these personal in terv iews with the 
students, coupled w ith  the knowledge of t h e i r  cogn i t ive  s ty le s ,  the
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i n ve s t ig a to r  gained some useful  ins igh ts  in to  the types o f probes, 
i n i t i a t e d  by both student and in s t r u c to r ,  which seemed most congenial 
to the f ie ld -dependent 's  learn ing s ty le .  These informal conversations 
revealed th a t  f ie ld-dependent students tend to i n i t i a t e  c l a r i f i c a t i o n  
probes more o f ten than f ie ld - independen t  students - very often in  a 
form such as, "What do these symbols mean in  p la in  English?" Also 
popular w ith  f ie ld-dependent students were s tu d e n t - in i t i a te d  re la -  
t io n a l  probes, request ing the in s t r u c to r  to re la te  one concept to 
another, and, what the in v e s t ig a to r  c a l l s ,  "overs' i mpl i f i c a t i o n "  
probes, in which the student would " t e s t  out" on the in s t r u c to r  some 
hypothesis embodying an o ve rs im p l i f ie d  version of a concept. These 
observat ions were qu ite  useful  in  designing the Dialogs used in the 
present study. For instance, attempts to incorporate c l a r i f i c a t i o n  
probes can be seen in  EXAMPLES 1, 5, 6, 7, and 8 below, a re la t io n a l  
probe is  evident in  EXAMPLE 3, as is  an o v e rs im p l i f i c a t io n  probe in  
EXAMPLE 4.
In summary, the Dialogs were developed in such a way as to main­
ta in  the same sequencing and depth o f top ic  coverage which character­
ized the Monologs. What d i f f e r e n t i a t e d  the presentat ions in the 
Dialogs from those in  the Monologs were
1) a teacher-s tudent i n te ra c t io n  model in the Dialogs vs. a 
teacher-only  lec tu re  model in  the Monologs, and
2) the use of probes in the Dialogs as means o f c a l l i n g  a t ten ­
t i o n  to  s t ruc tu re  in  the materia l  vs. the non-use of such mechanisms 
in  the Monologs.
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Examples
The fo l low ing  e igh t  EXAMPLES present t r a n s c r ip t io n s  from the 
Dialogs and Monologs in  support o f the v a l i d i t y  of the claims made in  
the previous sect ion.









Hi Joan. What seems to be the problem?
Well ,  I 'm in  t h i s  ca lcu lus course and I ' v e  fo rgo t ten  a l l  the 
t r i g  I ever knew - and th a t  wasn't  very much to  s t a r t  with!
OK. Have a seat. Probably the best way to s t a r t  reviewing 
t r i g  is  to take a quick look at the Pythagorean Theorem. 
(S l ide  shows a bust o f Pythagoras.) Oh, t h a t ' s  Pythagoras - 
t h a t ' s  not the theorem. He was qu ite  a guy. He l i ve d  in 
the 6th century B.C. He was a s c i e n t i s t ,  statesman, and 
people thought o f him as, w e l l ,  so r t  o f  a myst ic.  (S l ide  
advances to show the Pythagorean theorem.) At any ra te ,  
here's the Pythagorean Theorem, 
and a t r i a n g le .  )
(S l ide  shows a2 + b2 = c
OK, t e l l  me in  words what i t  means.
I t  says th a t  in  a r i g h t  t r i a n g le ,  the square of the 
hypotenuse is equal to the sum o f  the squares o f the other 
two sides.
OK. Can you t e l l  me i f  I ' v e  got i t ?  The square of the 
hypotenuse equa ls . . .  the sum... o f  the square o f  the other 
two sides. Does th i s  work only in r i g h t  t r iang les?
Yes, and re ca l l  th a t  we use the word hypotenuse to  mean the 
side opposite a 90° angle in a t r i a n g le .  So no 90° angle, 
no hypotenuse, . . .
Student . . .  and no Pythagorean Theorem!
Teacher Right! So what do you th in k  we use the theorem for?
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Student Wel l ,  I guess i f  you know the two shor te r  sides o f  a r i g h t  
t r i a n g l e . . .  what do you c a l l  them?...
Teacher Legs.
Student . . .  yea, i f  you know the lengths of the legs, then you can 
f in d  the hypotenuse.
Teacher OK. A c tu a l ly ,  w ith  j u s t  a l i t t l e  algebra we can use th i s  
formula to  f i n d  the length o f any side o f a r i g h t  t r i a n g le ,  
provided we know the other two sides. Can you t r y  a problem? 
(S l ide  shows a t r i a n g l e . )  See i f  you can f in d  the length o f 
side b in  t h i s  t r i a n g le .
Monolog
Certa in geometric ideas are v i t a l  in the study o f tr igonometry , 
so we begin there. There is  a fa c t  about r i g h t  t r ia n g le s  which is 
named fo r  the Greek myst ic ,  s c i e n t i s t ,  and a r i s t o c r a t i c  statesman, 
Pythagoras, who l i ve d  from about 580 to 500 B.C. I t  is  ca l led  the 
Pythagorean Theorem and i t  asserts tha t  the sum of the squares o f the 
legs o f  a r i g h t  t r i a n g le  equals the square o f the hypotenuse. Remem­
ber th a t  the hypotenuse o f  a r i g h t  t r i a n g le  is  the side opposite the 
90° angle, in  other  words, the longest side.
In symbols, the Pythagorean theorem can be w r i t t e n  in  the fo l lo w ­
ing ways. I f  we denote the hypotenuse o f the r i g h t  t r i a n g le  by the 
l e t t e r  c, and c a l l  the two legs a and b, then a2 plus b2 must be equal 
to c2 .
Knowing t h i s  theorem enables us to f i n d  the length o f  the t h i r d  
side o f any r i g h t  t r i a n g le  i f  we know the lengths o f  the other two 
sides. You may wish to make a note of t h i s  fac t .
Le t 's  use the Pythagorean Theorem to solve a problem. Find the 
length o f  side b in the t r i a n g le  p ic tured.
EXAMPLE 2 (La te r  in  the f i r s t  session)
Dialog
Teacher You know, since we're on the subject o f r i g h t  t r i a n g le s ,  we 
should take a look a t  some special  t r ia n g le s  and the r e la ­
t ions  th a t  e x is t  among the sides and the hypotenuse in  these 
t r ia n g le s .
For instance, in  a r i g h t  t r i a n g le  where the 2 acute 
angles measure...
8b
Student Whoa! What's an acute angle?
Teacher Oh sorry.  An acute angle is  one th a t  measures less than
90°. So in  a r i g h t  t r i a n g le  we have 2 acute angles and one
r i g h t  angle, OK?
Student Yep!
Teacher Wel l ,  in  a r i g h t  t r i a n g le  in which the 2 acute angles measure
30 degrees and 60 degrees, the side opposite the 30-degree 
angles w i l l  always measure one-hal f  the length o f the 
hypotenuse.
Monolog
Another f a c t  to be remembered concerns a r i g h t  t r i a n g le  in  which 
the two acute angle measure 60 degrees and 30 degrees. In such a 
t r i a n g le ,  the side opposite the 30 degree angle measure h a l f  the 
hypotenuse.
EXAMPLE 3 (Connecting the not ions o f special  t r ia n g le s  and u n i t  






Just one. What does th i s  s t u f f  about r i g h t  t r ia n g le s  have 
to do w i th  t r i g ?
I guess to answer your quest ion honestly I should f i r s t  t e l l  
you a l i t t l e  about the u n i t  c i r c le .
(Discussion o f u n i t  c i r c l e  takes p lace . )
Teacher OK. I th in k  you've got yo u rse l f  a method to handle those
kinds o f  problems (arcs in u n i t  c i r c le s ) .  Now w e ' l l  look at 
a problem where you've got to use the s t u f f  about special  
t r ia n g le s .
Monolog
Now l e t  us inve s t ig a te  some p roper t ies  o f c i r c le s  and then com­
bine th a t  in format ion w i th  the fac ts  we've learned about t r ia n g le s .  
(Discussion o f u n i t  c i r c l e  takes p lace . )
Now i t  is  t ime to combine some o f  the geometric concepts i n t r o ­
duced a t  the beginning o f  t h i s  u n i t  w ith  measurements on the u n i t  
circle.
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EXAMPLE 4 (Discussing angle measurement in the second session)
Dialog
Teacher . . .  and f i n a l l y  780° takes us around twice in the counter­
clockwise d i re c t io n  and then 60° more counterclockwise in to  
the f i r s t  quadrant.
Student So 780° and 60° are the same angle?
Teacher No, not the same angle, but they have the same terminal
s ide, and sometimes t h a t ' s  a l l  we're in te res ted  in.
Student Oh, OK. You know, my ca lc u la to r  has two funct ions on i t ,
and i t  also have two d i f f e r e n t  ways o f descr ib ing an angle; 
one of them is  in  degrees, what 's the other one cal led?
Teacher Radians.
Student Right. What's " rad ians"  a l l  about?
Teacher Although we d i d n ' t  say so, a c tu a l l y  we were using radian
measure when we were ta l k in g  about angles subtending or 
c u t t in g  arcs.
Monolog
The 780 degree angle is  shown here. I t s  termina l side is the
f i r s t  quadrant. Now we tu rn  to  the subject  of radian measure.
Although i t  was not emphasized a t  the t ime, you were a c tu a l l y  using
radian measure in the preceding u n i t .
EXAMPLE 5 (R ecap i tu la t ing  a method - j u s t  p rac t iced  - f o r  determining 
the t r i g  func t ion  values o f an angle)
Dialog
Teacher OK. Le t 's  pretend I meet you on a bus, and I s i t  down next 
to  you and ask you how I can f in d  the t r i g  funct ions o f a
ce r ta in  angle t .  What would you t e l l  me?
Student I ' d  t e l l  you to buzz o f f .
Teacher OK, l e t ' s  suppose on a t e s t  you were asked the same ques­
t io n .  What would you reply?
Student F i r s t  draw the angle t  in standard p o s i t io n  on the u n i t
c i r c l e ,  then f i n d  the coordinates o f P, and f i n a l l y  apply 
the d e f i n i t i o n s  using the coordinates o f P?
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Teacher And what's P?
Student The po in t  where the termina l side of the angle h i t s  the u n i t
c i  rc le .
Monolog
Now w e ' l l  review the procedure once more: f i r s t ,  draw the angle
in standard pos i t ion  in the u n i t  c i r c l e ;  second, f i n d  the coordinates 
o f  po in t  P; t h i r d ,  apply the d e f i n i t i o n s  using the coordinates o f P.
EXAMPLE 6 (Solv ing simple t r igonom etr ic  i d e n t i t i e s )
Pi alog
Teacher Try to  s im p l i f y  the t r i g  expression (tan t )  (cos t )  . . .
What do you get?
Student Nothing yet.  I  guess I d o n ' t  understand what you mean by 
"s im p l i  f y . "
Teacher Well , i f  we work i t  out,  maybe y o u ' l l  understand. Do you
know o f  another way o f w r i t i n g  tan t?
Student Yeah, tan t  is the same as sin t / cos  t ,  i s n ' t  i t ?
Teacher: Right. So i f  we replace tan t  w ith  sin  t /cos  t  we have
sin  t /cos  t  times cos t .
Student Oh, I see. So the cos t ' s  cancel out,  and we're l e f t  w ith  
sin t .
Monolog
S im p l i fy  the t r igonometr ic  expression: ( tan t )  (cos t ) .  You can
replace tan t  w ith  sin t  d iv ided by cos t ,  and then the cos t ' s  cancel
to y i e l d  sin  t .
EXAMPLE 7 (Working with  sum and d i f fe rence  formulas)
Dialog
Teacher Le t 's  look a t  the problem: sin(6+2n). See i f  you can use
one o f the sine i d e n t i t i e s  to s im p l i f y  i t .
Student I  th in k  I can j u s t  use the formula fo r  the sine o f  a sum,
r igh t?
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s in (6 + Zn) = sin0 cos Zn + cose s in  2n 
= sine • 1 + cos6 • 0 
= sine
Teacher Now what does th i s  say: sin(0+27t) equals sine?
Student What do you mean? I t  says what you j u s t  said.
Teacher No, I mean u] words, what does th i s  t e l l  you about the sine
funct ion?
Student OH - PERIOD! The period is  2n since the sine of an angle 0
is  equal to the sine o f the same angle plus Zn.
Teacher Right. Well , almost r i g h t  but we won't  s p l i t  ha irs  yet.
Monolog
As an example of the use of the sine i d e n t i t y ,  we ca lcu la te  
sin(0+2n). By the formula, we f in d  th a t  sin(9+2/t)  equals sine. This 
re s u l t  o f  course v e r i f i e s  th a t  the func t iona l  values fo r  the sine 
func t ion  repeat themselves at in te rva ls  o f Zn.
EXAMPLE 8 (W r i t ing  the inverse o f a one-to-one func t ion )
Dialog
Teacher Le t 's  take a look at 
f i n d in g  i t s  inverse, 
formula y = 3 x+ l .
one. . .  func t ion ,  and show a method fo r  
Consider the func t ion  described by the
Student That would graph as a s t ra ig h t  l i n e ,  wou ldn ' t  i t ?
Teacher Yes. Now to  get a formula fo r  the inverse o f the func t ion ,
we f i r s t  replace x w ith  y and y w i th  x. Remember, t h i s  is  
exac t ly  what we d id e a r l i e r :  we interchanged the x and y
values in  each ordered p a i r  in the func t ion .  Here, i n t e r ­
changing the var iab les  x and y in the formula f o r  the func­
t i o n  has exact ly  the same e f fe c t .
Next we solve fo r  y to get 
inverse funct ion  in  terms o f  x, 
l i k e  to describe funct ions. Got
a d e sc r ip t ion  o f the new 
since t h i s  is  the way we 
i t?
Student Le t 's  see i f  I ' v e  got i t .  I  s t a r t  w ith  the given ru les ,
then I interchange x and y in  the ru le ,  and then I solve fo r  
y in  terms o f x.
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Monolog
Here is  an example o f  a func t ion  y = 3x+ l . I f  a func t ion  f  has 
no two ordered pa i rs  w i th  the same second element, then the inverse of 
f  w i l l  also be a func t ion .  The ru le  f o r  obta in ing the inverse o f a 
func t ion  is to replace x w ith  y and y w ith  x everywhere they occur in 
the funct ion .  General ly ,  a f t e r  the replacement has taken place, the 
statement is solved fo r  y.
Experiment I I :  Grading
The second experiment o f the present study involved the i n ­
ve s t ig a t io n  o f poss ib le  main and in te ra c t io n  e f fec ts  o f student and 
grader cogn i t ive  s ty le  and sex on the student 's  calculus te s t  grade.
In the l i g h t  o f our th eo re t ica l ly -based  expectat ions, ou t l ined  in 
chapter I I ,  the nature o f  the face- to - face  grading process employed in 
the calculus course suggested th a t  grading outcomes might be i n f l u ­
enced by the i n te ra c t io n  o f the cogn i t ive  s ty les  of the student and 
grader in each grading dyad, or ,  perhaps more d i r e c t l y ,  by the simple 
e f f e c t  o f grader 's  cogn i t ive  s ty le .  In add i t ion ,  the e f fe c ts  of 
s tudent/grader sex match/mismatches were also explored. F in a l l y ,  the 
quest ion regarding poss ib le  student/grader cogn i t ive  s ty le  e f fe c ts  on 
ca lcu lus grades was inves t iga ted  in  s i tu a t io n s  wherein the grading is 
done w ithout  the student present,  and without any knowledge regarding 
the student.
Procedure: Experiment I I
The Group Embedded Figures Test (GEFT) and the M in ia tu r ized  Rod 
and Frame Test (MRFT) were administered to a l l  students enro l led  in 
the ca lculus course described e a r l i e r  in t h i s  chapter. In add i t ion ,  
the same two measures o f cogn i t ive  s ty le  were administered to a l l  61
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students hired by the te s t in g  center fo r  the semester during which the 
calculus course was o ffered.
Id e a l l y  there would have been equal numbers o f  male graders, 
female graders, male students, and female students so as to permit  
equal c e l l s  in  a 2 x 2 (grader sex x student sex) design, w ith  mea­
sures o f students'  and graders' cogn i t ive  s ty les  as covar ia tes. 
Unfortunate ly  there simply were not as many graders as there were 
students, nor were both sexes equal ly  represented in  both graders and 
students. Moreover, w i thout doing serious violence to the long­
standing (random) procedure estab l ished fo r  guid ing the f low of 
students through the grading room, block ing was impossible. Thus, 
upon completion of his or her t e s t ,  each student was assigned to the 
next ava i lab le  grader, as per the status quo. As a r e s u l t ,  ne i the r  
students nor graders had any knowledge or suspicions th a t  aspects o f 
the grading process were under any ex traord inary  sc ru t in y  or ana lys is ,  
and the n a t u r a l i s t i c  environment was maintained.
In the in te re s t  o f avoid ing the contaminating e f fe c ts  of having 
the same grader in  several student-grader dyads (the 195 students 
could be graded by at most 61 ava i lab le  graders),  one te s t  was randomly 
selected as a representa t ive grading fo r  each of the graders who had 
graded during the f i r s t - t r y  week fo r  u n i t  I .  F i r s t - t r y  on Uni t  I was 
selected since i t  takes place during the f i r s t  o f f i c i a l  week o f  t e s t in g ,  
a time when f a m i l i a r i t y  o f  students and graders w i th  one another is  
minimized. Of the 61 graders h ired fo r  the semester under study, 41 
o f them a c tu a l l y  graded u n i t  I tes ts  during f i r s t - t r y  week, w ith  each 
o f  the 41 graders having graded from 1 to 13 tes ts .  Thus one te s t  was
randomly selected from each of the corresponding 41 sets o f u n i t  I 
f i r s t - t r i e s .  A l l  analyses o f  the e f fe c ts  o f cogn i t ive  s ty le  on grad­
ing outcomes in  the face - to - face  s i tu a t io n  are based on these 41 
tes ts .
Students
Of the 41 students whose tes ts  were selected f o r  the random 
sample, 18 were women and 23 were men. Age data were ava i lab le  f o r  30 
o f them: as o f February 1979, 15 students were 18 years o ld ,  10
students were 19 years o ld ,  4 students were 20 years o ld ,  and 1 subject  
was 23 years old. Among these 41 students, 31 were freshman, 8 were 
sophomores, and 2 were special  students; 5 were en ro l led  in  the College 
o f  Engineering and Physical Sciences, 13 in  the School o f  L i fe  Sciences 
15 in the Col lege of L ibera l  A r ts ,  4 in the Whittemore School (Business 
3 in the D iv is ion  o f Continuing Education, and 1 in the Thompson 
School of Applied Science. When compared w ith  the data fo r  the la rger  
experimental  group in  Experiment I (Figures 5 through 7) ,  these data 
ind ica te  tha t  the sample o f  41 is  qu ite  representa t ive w i th  respect to 
age, and class and col lege status.
Graders
Graders who took pa r t  in  the 41 face- to - face  dyads ( th a t  produced 
the 41 tes ts  under ana lys is )  w i l l  be re fe r red  to as face - to - face  
graders.
In an e f f o r t  to determine whether the grading patterns observed 
in  the face- to - face  arrangements would be d i f f e r e n t  i f  the grading
9o
were done w i thou t  the student present,  and, in f a c t ,  w ith  no knowledge 
o f the student,  a second stage o f  the experiment involved the f o l ­
lowing procedure: copies o f the 41 tes ts  al luded to  above were
cleaned of a l l  grader markings, photocopied, and regraded by a new 
group o f  41 graders employed by the te s t in g  center in a l a te r  
semester. This group of graders w i l l  be re fe r red  to as non-face- 
to - face  graders. The ra t io n a le  f o r  t h i s  second stage o f  grading was 
to remove from the te s t  scores th a t  po r t ion  o f  variance a t t r i b u ta b le  
to  sex match/mismatch e f fe c ts  or to in te rpe rso n a l ly  mediated cogn i t ive  
s ty le  match/mismatch e f fe c ts .
As the t h i r d  and f i n a l  stage in t h i s  experiment, each o f  the 
non- face- to- face graders was asked to grade a common measure. The 15 
items used in  cons t ruc t ing  th i s  t e s t  were composed o f problems 
selected from the archives o f p rev ious ly  graded tes ts  from un its  I ,
I I ,  and V I I ,  t ransc r ibed  w i thou t  grader markings and dupl icated. The 
ra t iona le  fo r  t h i s  t h i r d  stage o f  grading was to remove, from stage 
two cond i t ions ,  those sources o f grading outcome variance a t t r i b u ta b le  
to  d i f fe rences in  student ap t i tude ,  sex, and cogn i t ive  s ty le .  With 
these data, grading d i f fe rences  a t t r i b u ta b le  to  grader cogn i t ive  s ty le  
alone can be assessed more accurate ly .
As a measure o f ca lcu lus ap t i tude ,  the calculus I grades fo r  both
grader groups were used. For each group 40 o f the 41 grades were
ava i lab le .  For the face - to - face  graders, there were 34 A1s , 5 A - 's ,  
and 2 B+'s. For the non- face- to- face graders, there were 35 A 's ,  2
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Academic majors o f  non- face- to- face graders.
Figure 11. Frequency data f o r  graders'  majors.
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Summary
The two experiments th a t  have been described here represent an 
attempt to answer quest ions regarding the importance o f  cogn i t ive  
s ty le  and sex in assessing the e f fe c ts  o f d i f f e r e n t  modes o f  audio­
v isua l i n s t ru c t io n  on various achievement measures (Experiment I ) ,  and 
in  assessing the p o s s i b i l i t y  of biases operat ive  in  var ious grading 
conf igura t ions  (Experiment I I ) .  The analyses performed to t e s t  the 




The analyses which are reported in th i s  chapter were performed in 
in  order to address the questions posed in chapter I .  The two facets 
o f the present study, Experiment I ,  Remedial I n s t r u c t io n ,  and Exper i­
ment I I ,  Grading, are t rea ted  separa te ly ,  and in  each case the analyses 
are preceded by a l i s t i n g  o f the var iab les  employed, and re levant 
desc r ip t ive  measures.
Experiment I :  Remedial In s t ru c t io n
In an e f f o r t  to s im p l i f y  the present d iscussion, the fo l low ing  
codes have been used when r e fe r r in g  to the var iab les  employed in  the 
experiment.
Pretreatment measures
TOTPRE: The score on the A1gebra/Trigonometry p re te s t ,
cons is t ing  of 25 algebra quest ions and 16 t r i g ­
onometry quest ions.
PREQ: The t o ta l  o f  f i v e  tr igonometry quizzes, ad­
min is te red to treatment groups I ,  I I I ,  and V p r io r  
to the f i v e  treatment sessions.
GEFT: Group Embedded Figures Test score.
MRFT: M in ia tu r ized  Rod and Frame Test score.
Posttreatment measures
POSTQ: The to ta l  o f  f i v e  tr igonometry quizzes administered




CALCIV: The score on the f i n a l - t r y  o f the calculus u n i t  4
te s t .
Descr ip t ive  S t a t i s t i c s
Means and standard dev ia t ions fo r  a l l  measures are shown in Table 
9. A l l  desc r ip t ive  s t a t i s t i c s  and analyses reported in  t h i s  chapter 
were determined v ia  s t a t i s t i c a l  programs reported in SPSS (Nie e t a l . ,  
1975) and SPSS Update 7-9 (Hul l  & Nie, 1981).
Table 9
Means and Standard Deviat ions f o r  A l l  Subjects and A l l  Measures
Measure3 n M SD
TOTPRE (5 ,2 7 ;41) 150 17.593 4.483
PREQ (1 ,29;50) 71 13.577 6.563
GEFT (3 ,18;18) 150 13.213 3.981
MRFT (4 ,49 ;0b) 148 15.730 8.840
POSTQ (3 ,4 6 ;50) 147 26.299 11.458
CALCIV (0,98;100) 139 65.468 21.185
aNumbers in  parentheses are, resp ec t ive ly ,  the minimum score: achieved
by any sub jec t ,  the maximum 
maximum possib le  score.
score achieved by any subject, and the
bFor the MRFT the optimal score is  0, i n d ic a t in g  a 0° to ta l  
o f  the rod (from t rue v e r t i c a l ) .
dev ia t ion
Breakdowns by sex fo r  a l l  measures are given in  Table 10.
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Table 10




n M SD n M SD
TOTPRE 100 17.4800 4.6133 50 17.8200 4.2460
PREQ 45 14.3556 6.3609 26 12.2308 6.8136
GEFT 100 13.5600 3.7100 50 12.5200 4.4320
MRFT 100 15.5700 9.0679 48 16.0625 8.4284
POSTQ 99 26.4747 11.1651 48 25.9375 12.1540
CALCIV 93 65.1828 21.5719 46 66.0435 20.6020
Breakdowns by experimental  cond i t ion  fo r  a l l  measures are given 
in  Table 11.
Table  11
Means and Standard D e v i a t i o n s  f o r  A l l  S ub jec t s  and A H  Measures,  by Exper imenta l  Group
Exper imenta l  Group
Measure
I I I I I I IV V VI
n M SD n M SD n M SD n M SD n M SD n M SD
TOTPRE 25 17.4800 5 .0093 25 17.8400 3.9017 26 18.7692 3.9427 26 17.3077 4.4521 23 18.6522 4 .8 0 16 25 15.5600 4 .4 0 72
P R FH 24 13 .1667 26 14.2692 21 13 .1905/ • J J17 J
GEFT 25 13 .7200 3.0210 25 13.5200 4 .4452 26 12.8846 4.1984 26 12.6923 4 .2 3 10 23 14 .4348 3 .2 026 25 12.1600 4.4411
MRFT 25 17 .2800 8 . 8672 25 14.7600 8.  3978 26 15 .6538 7.8330 26 15 .8846 9 .5 387 21 13.2381 8 . 4 0 7 8 25 17.1600 10.0403
POSTQ 25 32 .8400 8 .3 000 25 31 .9200 8 .8690 25 33 .4800 5.4857 26 32 .0769 6 .2 092 21 13 .9524 6 .2 0 06 25 11.3200 3 .7 939
CALCIV 24 71 .3333 18.0835 25 64 .0400 19.0733 25 63 . 360 0 23 .6359 22 68 .9545 17.9084 20 62 . 100 0 21 .6792 23 62 .7826 26 .0785
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A l l  groups th a t  experienced e i t h e r  one o f the two remedial programs 
in tr igonometry in MaC (Groups I ,  I I ,  I I I ,  and IV) can be considered 
" t re a te d " ,  whereas the contro l  groups (V and VI) were e s s e n t ia l l y  "un­
t reated"  in MaC. Means and standard dev ia t ions fo r  a l l  measures are 
shown fo r  the trea ted  vs. untreated groups in  Table 12.
Table 12
Means and Standard Deviat ions fo r  A l l  Subjects and A l l  Measures, by
Treatment Status
Treated Groups ( I , I I , I I I , IV) Untreated Groups ( V,V I )
Measure n M SD n M SD
TOTPRE 102 17.8529 4.3199 48 17.0417 4.8111
PREQ3 50 13.7400 6.9188 21 13.1905 5.7673
GEFT 102 13.1961 3.9802 48 13.2500 4.0239
MRFT 102 15.8922 8.5999 46 15.3696 9.4384
POSTQ 101 32.5743 7.2572 46 12.5217 5.1499
CALCN 96 66.8125 19.8618 43 62.4651 23.8531
a0nly treated groups I and I I I  and untreated group V took the PREQ.
Table 13 shows d e sc r ip t ive  s t a t i s t i c s  fo r  the Dialog groups ( I  
and I I )  and the Monolog groups ( I I I  and IV).
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Table 13
Means and Standard Deviat ions fo r  A l l  Treated Subjects and A l l  Measures, 
by Treatment Type
_____________________ Treatment Type_______________________
Dialog (Groups I and I I )  Monolog (Groups I I I  and IV) 
Measure n M SD n M SD
TOTPRE 50 17.6600 4.4475 52 18.0385 4.2286
PREQ3 24 13.1667 6.2878 26 14.2692 7.5395
GEFT 50 13.6200 3.7628 52 12.7885 4.1743
MRFT 50 16.0200 8.6414 52 15.7692 8.6424
POSTQ 50 32.3800 8.5138 51 32.7647 5.8501
CALCIV 49 67.6122 18.7659 47 65.9787 21.1151
a0nly d ia log group I and monolog group I I I  took the PREQ.
Means and standard dev ia t ions f o r  the measures POSTQ and CALCIV 
by Sex by Experimental cond i t ion  are given in  Tables 14 and 15 
respect ive ly .  (POSTQ and CALCIV are o f  special  i n t e re s t  since they 
w i l l  act as dependent measures f o r  the main analyses to f o l l o w . )
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Table 14
Means and Standard Deviat ions on POSTQ fo r  A l l  Subjects w ith  Breakdowns
by Treatment Condit ion by Sex
Experimental Condit ion .
Dialog (Groups I , I I ) Monolog (Groups H I , I V ) Control  (Groups V.VI)
Sex n M SD n M SD n M SD
Female 17 33.294 10.030 15 32.133 4.984 16 12.313 5.885
Male 33 31.909 7.747 36 33.028 6.222 30 12.633 4 .817
Table 15
Means and Standard Deviat ions on CALCIV fo r  A l l  Subjects w i th  Breakdowns 
by Treatment Condit ion by Sex
Experimental Condition
Dialog (Groups I , I I ) Monolog (Groups H I , I V ) Control (Groups V,VI)
Sex n M SD n M SD n M SD
Female 16 69.937 19.213 15 64.400 13.190 15 63.533 27.710
Male 33 66.485 18.740 32 66.719 24.109 28 61.893 22.044
The Solomon four-group design o f fe rs  contro l  over the e f fe c ts  o f 
p rac t ice  (by v i r t u e  of some subjects '  experience with  ce r ta in  pre­
treatment te s ts )  on posttreatment measures, and on p re tes t -by -  
treatment in te rac t io n s .  Tables 16 and 17 present means and standard 




Means and Standard Deviat ions on POSTQ fo r  A l l  Subjects w ith  Breakdowns
by Treatment Stat us by Pre test ing  Status on PREQ
Treatment Status
Treated (Groups I , I I , I I I , I V ) Untreated (Groups V,VI)
Pre test Status n M SD n M SD
Pretested 50 33.1600 6.9704 21 13.9524 6.2006
Unpretested 51 32.0000 7.5525 25 11.3200 3.7939
Table 17
Means and Standard Deviat ions on CALCIV fo r  A l l  Subjects w ith  Breakdowns
by Treatment Status by Pretest ing Status on PREQ
Treatment Status
Treated (Groups I , I I , I I I , I V ) Untreated (Groups V,VI)
Pretest Status n M SD n M SD
Pretested 49 67.2653 21.2660 20 62.1000 21.6792
Unpretested 47 66.3404 18.5030 23 62.7826 26.0785
Zero-order (Pearson product-moment) c o r re la t io n  c o e f f i c ie n ts  were
computed fo r  each p a i r  o f  measures fo r  the e n t i re sample (Table 18),
f o r  the e n t i r e  sample by sex (Table 19), and f i n a l l y  fo r  each exper i ­
mental group (Table 20). Certain o f the s i g n i f i c a n t  co r re la t io ns  are 
consol ing,  f o r  example, the very strong c o r re la t io ns  among TOTPRE, 
PREQ, and POSTQ fo r  the e n t i r e  group; others are i n t r i g u in g ,  fo r  
example the moderately strong c o r re la t io n  between GEFT and MRFT fo r
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the e n t i r e  group (Table 18), sustained in s ign i f i ca nce  fo r  men but not 
f o r  women (Table 19); and some are downright perp lex ing, f o r  example, 
the lack o f  s i g n i f i c a n t  c o r re la t io n  between the p re tes t  (TOTPRE) and 
the calculus u n i t  IV te s t  (CALCIV). Scattergrams fo r  selected pa irs  
o f  var iab les  are given in  appendix A f o r  the e n t i re  remedial group, 
f o r  remedial women, and fo r  remedial men.
Table 18
Corre la t ions Among A l l  Pairs o f Var iab les, A l l  Subjects































Note. The number o f  pa irs  used in computing each c o r re la t io n  c o e f f i c i e n t  
is  given in  parentheses.
* * * *  g  < .001
* * *  £ < .005
* *  £  < .01
* £ < .05
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Table 19
Corre la t ions Among A l l  Pairs o f  Var iab les, A l l  Subjects, by Sex































































Note. The number o f pa irs used in computing each c o r re la t io n  c o e f f i c i e n t  is 
given in parentheses.
* * * *  £  < . 001
* * *  £ < .005
* *  £  < .01
* £ < .05
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Table 20
Corre la t ions  Among A l l  Pairs o f Var iab les ,  A l l  Subjects, by 
Experimental Group
Measure TOTPRE PREQ GEFT MRFT POSTQ





MRFT -.1195 -.2704 -.1634
(25) (24) (25)
POSTQ .4679** .8052**** .3488* -.3430*
(25) (24) (25) (25)
CALCIV -.0111 -.0141 .0353 .1946 . 1894
(24) (23) (24) (24) (24)






POSTQ .5330*** .2843 -.0803
(25) (25) (25)
CALCIV .2778 .0523 .0916 .1889
(25) (25) (25) (25)
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Measure TOTPRE PREQ GEFT MRFT POSTQ





MRFT -.1659 -.2036 -.3564*
(26) (26) (26)
POSTQ .3497* 6069**** .4529** -.1824
(25) (25) (25) (25)
CALCIV -.0410 .0294 -.1402 .1378 -.2046
(25) (25) (25) (25) (24)






POSTQ . 1699 .1989 .1447
(26) (26) (26)
CALCIV .2981 .1548 .1775
(22) (22) (22)
.3084
( 2 2 )
no
Measure TOTPRE PREQ GEFT MRFT POSTQ





























Group VI (C o n t ro l ; unpretested)
-
PREQ




















Note. The number o f pa i rs  used in  computing each c o r re la t io n  c o e f f i c i e n t  is  
given in  parentheses.
* * * *  £  < .001
* * *  £ < .005
* *  £  < .01
* £ < .05
I l l
Experiment I :  Analyses
The primary research question motiva t ing the analyses in Experi­
ment I ,  Remedial In s t r u c t io n ,  focuses on the e f fe c ts  o f experimental 
cond i t ion  (DIALOG, MONOLOG, or CONTROL), sex, and cogn i t ive  s ty le  upon 
postsession measures o f tr igonometry  knowledge (POSTQ) and the calculus 
u n i t  IV te s t  (CALCIV). Furthermore, the th e o re t ica l  framework developed 
in  chapter I I  suggests th a t  the analys is  o f t h i s  quest ion be sens i t ive  
to the p o s s i b i l i t y  tha t  the Group Embedded Figures Test (GEFT) and the 
M in ia tu r ized  Rod and Frame Test (MRFT) measure d i f f e r e n t  aspects of 
cogn i t ive  fu n c t io n in g ,  and hence may produce d i f f e r e n t  patterns of 
s i g n i f i c a n t  e f fe c t s .
Test ing the s ign i f i ca nce  o f s p e c i f i c  e f fe c ts  i m p l i c i t  in these 
conjectures was accomplished by means o f two separate analyses, one 
which entered GEFT as a covar ia te  and one which entered MRFT as a 
covar ia te . P r io r  to the analyses, histograms and normal p lo ts  o f  a l l  
var iab les  (as wel l  as scattergrams of appropr iate  pa i rs  the reo f )  were 
inspected, and no serious dev ia t ions from normal i ty  were observed. In 
a d d i t io n ,  the s ign i f i ca nce  o f presession quizzes (PREQ) x treatment 
in te ra c t io n  was tested to aid in the i n te rp re ta t io n  o f  any treatment 
e f fe c ts  th a t  may achieve s ig n i f i ca nce  in the main analyses. We now 
consider t h i s  p re l im ina ry  analys is  in d e ta i l .
Pract ice E f fec ts
P r io r  to each o f  the f i v e  remedial sessions, subjects in exper i ­
mental groups I ,  I I I ,  and V were pretested w ith  a 10-item quiz. These 
f i v e  pre tests  were consol idated in to  the s ing le  measure PREQ fo r  
purposes o f the main analyses. Five p a ra l le l  quizzes also were
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developed as post-session measures, and were consol idated in to  the 
s ing le  measure POSTQ. The post-session quizzes were administered to 
a l l  s ix  experimental  groups. For the purpose o f assessing the e f fe c ts  
of p re tes t ing  and pre tes t -by- t rea tment  in te ra c t io n  e f fe c ts  on POSTQ 
performance, a 2 x 3 (p re te s t ing  status by experimental  cond i t ion )  
analysis of var iance was performed w ith  POSTQ as the c r i t e r i o n  v a r i ­
able. Each of the s ix  c e l l s  in  the model corresponds to  one o f  the 
experimental  groups, as shown below.
Dialog Monolog Control
Pretested I I I I V
Unpretested I I IV VI -
Means and standard devia t ions fo r each c e l l  in the model are given i n
Table 21.
Table 21
Cel l Means and Standard Deviations of POSTQ, by Pre tes t ing  Status and
Experimental Condition.
DIALOG MONOLOG CONTROL
n M SD n M SD n M SD
Pretested 25 32.840 8.300 25 33.480 5.486 21 13.953 6.201
Unpretested 25 31.920 8.869 26 32.077 6.209 25 11.320 3.794
The resu l ts  o f  the analys is  are given in Table 22.
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Table 22
2 x 3  Analys is o f Variance o f POSTQ, by Pretest ing Status and 
Experimental Condit ion.
Source SS df MS F
Pretest ing Status 96.334 1 96.334 2.142
Treatment 12617.657 2 6308.829 140.270*
Pretest  x Treatment 18.422 2 9.211 .205
Error 6341.678 141 44.976
*£  < . 0 0 1 .
The s i g n i f i c a n t  e f f e c t  of t reatment cond i t ion  w i l l  be explored in  the 
main analyses. Nei ther p re tes t ing  nor p re tes t ing -by- t rea tment  e f fec ts  
were s i g n i f i c a n t ,  thus a l lowing any subsequent statements regarding 
the s ign i f i ca nce  of treatment to be free from the im p l ica t ion  tha t  
p re tes t ing  in  some way enhanced the e f fe c ts  of tha t  treatment.
M u l t i v a r ia te  Analysis o f Covariance of POSTQ and CALCIV, by Sex 
and Treatment Condit ion, w ith  Covariates TOTPRE, PREQ, and GEFT
The analys is  employed a 3 x 2 f ixed  e f fe c ts  model. The leve ls  of 
the f i r s t  fa c to r ,  t reatment cond i t ion  (symbol ized as GROUP), were 
DIALOG, MONOLOG, and CONTROL, and the leve ls  of the second fa c to r ,  sex 
(SEX), were FEMALE and MALE. The design was completely randomized, 
though unbalanced, and the p r in c ip a l  s t a t i s t i c a l  procedure was a 
m u l t i v a r ia te  analysis o f covariance with  POSTQ and CALCIV as dependent 
va r iab les ,  and PREQ, TOTPRE (two pretreatment measures o f  mathematics 
a b i l i t y ) ,  and GEFT as covar ia tes. For the analyses in  Experiment I ,  
the mathematical apt i tude/achievement covaria tes were combined in to  a
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s ing le  j o i n t  e f f e c t ,  and w i l l  be re fe r red  to as PREQ + TOTPRE. Pre­
tested groups I (DIA), I I I  (MONO), and V (CTRL) were used in th i s  
analys is .  The SPSS MANOVA procedure (Hul l  & Nie, 1981) employs a 
sequential  sum of squares model, wherein sums of squares fo r  each 
e f fe c t  spec i f ied  in the design are adjusted fo r  those e f fe c ts  pre­
ceding i t .  Thus the order in  which terms are entered in to  the model 
is important.  The design employed in the present analysis  is  given in 
Table 23.
Table 23
Order o f E ffec ts  Tested in  the M u l t i v a r ia te  Analysis o f Covariance of
POSTQ and CALCIV by Sex and Treatment Condit ion, w i th  Covariates TOTPRE,
PREQ, and GEFT.
Order E f fec t
1 SEX
2 GEFT
3 GEFT x SEX
4 GROUP
5 SEX x GROUP
6 GEFT x GROUP
7 GEFT x SEX x GROUP
A m u l t i v a r ia te  te s t  o f the assumption of homogeneous w i t h i n - c e l l s
d ispers ion matr ices, using Box's M te s t ,  was n o ns ig n i f ica n t  (F(75,3131)
= 1.02659, g > .40).  A m u l t i v a r ia te  te s t  of the p a ra l le l i sm  hypothesis,  
using W i lk 's  A, was n o ns ign i f ican t  also (F(20,84) = .93310, £ > .54) 
and thus supported the hypothesis o f p a ra l le l  regression surfaces.
Thus the assumptions fo r  the m u l t i v a r ia te  analys is  o f  covariance were
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met. W i lk 's  A was used to t e s t  the s ignf icance o f  each e f f e c t  in  the 
model. The fo l lo w ing  e f fe c ts  achieved s ign i f i cance :  SEX x GROUP,
GEFT x SEX, GROUP, and SEX. Because the two in te ra c t io n  e f fec ts  
confound the in te rp re ta t io n  o f  main e f fe c ts  fo r  GROUP and SEX, only 
the in te ra c t io n  e f fe c ts  w i l l  be discussed.
SEX x GROUP E f fe c t
In the m u l t i v a r ia te  te s t  of s ign i f i ca nce ,  the SEX x GROUP e f fe c t  
emerged as s i g n i f i c a n t  v ia  W i lk 's  A (F(4 ,84) = 2.39771, £ < .06).  Two 
un iva r ia te  analyses o f covariance (one with  POSTQ as dependent va r iab le ,  
and one with  CALCIV dependent) were then performed in order to examine 
fu r th e r  the nature o f the m u l t i v a r ia te  re s u l t .  These tes ts  ind icated 
a s i g n i f i c a n t  SEX x GROUP e f f e c t  on POSTQ (F(2,43)  = 4.33672, £ <
.02),  but no s i g n i f i c a n t  e f f e c t  on CALCIV (F(2,43) = .53883, £ > .50).
In order to shed some l i g h t  on the nature of the SEX x GROUP 
e f f e c t  on POSTQ scores, the i n te ra c t io n  is  presented g ra p h ica l l y  in 
Figure 12, fo l lo w ing  Tables 24 and 25, which present,  respec t ive ly ,  
ce l l  means and standard devia t ions fo r  the covar ia tes ,  and c e l l  means 
fo r  POSTQ (observed and adjusted f o r  the covar ia tes) .
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Table 24










DIALOG 7 18.43 3. 55 13.57 4.54 12.71 4.50
MONOLOG 11 18.56 3.75 12.54 7.59 12.18 4.58
CONTROL 7 19.14 3.29 12.00 7.30 16.00 2.54
Men
DIALOG 16 17.06 5.87 13.75 6.49 14.06 2.41
MONOLOG 13 18.15 3.93 15.62 7.84 13.46 4.12
CONTROL 13 18.46 5.53 14.08 5.12 13.85 3.31
1 1 7
Table 25
Observed and Adjusted Cel l Means fo r  POSTQ, Adjusted fo r  TOTPRE, PREQ, 
and GEFT.
Treatment
Condit ion n Observed Mean Adjusted Mean
Women
DIALOG 7 37.29 37.76
MONOLOG 11 33.27 34.67






















 1 1 1----------
DIALOG MONOLOG CONTROL
Figure 12. POST as a funct ion  o f  treatment cond i t ion  and sex, 
adjusted by TOTPRE, PREQ, and GEFT.
women
l i b
Inspect ion o f Figure 12 suggests th a t  the women outperformed the 
men fo l low ing  treatment o f  e i t h e r  DIALOG or MONOLOG type, whi le  the 
pat te rn  is  reversed under the CONTROL condi t ion .  This r e s u l t  is 
consis tent w ith  Mundy's (1980) r e s u l t ,  c i te d  e a r l i e r ,  support ing the 
p os i t ion  tha t  women may be more responsive to the in f luence o f t r e a t ­
ment.
The expected cogn i t ive  s ty le  x GROUP e f f e c t  ( t h a t  f ie ld-dependents 
perform b e t te r  fo l lo w ing  DIALOG treatment and f ie ld - independents  
perform b e t te r  fo l lo w ing  MONOLOG) was not supported. In the l i g h t  of 
our e a r l i e r  discuss ion of the analogy between the f ie ld-dependent vs. 
f ie ld - independent and the female vs. male dichotomies in approach to 
in formation processing, i t  would be tempting to speculate tha t  the 
women perform b e t te r  fo l lo w ing  the DIALOG treatment and the men perform 
b e t te r  fo l low ing  the MONOLOG treatment.  I f  t h i s  were so, we might 
conclude tha t  sex had the e f f e c t  o f washing out the expected GEFT 
e f fe c t .  Al though the nature o f  the in te ra c t io n  depicted in Figure 12 
h in ts  at t h i s ,  the evidence is  fa r  from conclusive.
GEFT x SEX E f fec t
In the m u l t i v a r ia te  t e s t  o f s ig n i f i ca n ce ,  the GEFT x SEX e f fe c t  
emerged as s i g n i f i c a n t  v ia  W i lk 's  A (F(2,42) = 3.77, £ < .04).  Two 
un iva r ia te  analyses o f covariance (one w i th  POSTQ dependent and the 
other w i th  CALCIV dependent) were then performed in order to explore 
the nature of the m u l t i v a r ia te  re s u l t .  These tes ts  ind ica ted  tha t  the 
e f fe c t  was s i g n i f i c a n t  on POSTQ scores ( F ( l , 4 3 )  = 7.628, £ < .009), 
but not on CALCIV scores (£ (1 ,43)  = .004, £ > .95).  In an attempt to 
v isua l ize  the nature o f  the s i g n i f i c a n t  i n t e ra c t io n ,  a graphical
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representat ion o f  the in te ra c t io n  is  presented in Figure 13. Co­
va r ia te  means and standard dev ia t ions ,  and means fo r  POSTQ (observed 
and adjusted) are presented in  Tables 26 and 27.
Table 26















































Observed and Adjusted Means fo r  POSTQ, Adjusted by TOTPRE and PREQ
Sex n Observed Mean Adjusted Mean
Low range GEFT (Field-dependent)
Female 11 30.70 29.53
Male 15 26.64 24.82
Mid ranqe GEFT
Female 7 30.50 32.68
Male 20 28.00 25.82
High range GEFT (Fie ld- independent)
Female 10 25.22 27.31




28 -  
27 -  
26 -  
25 -  
24 -
Figure 13. POSTQ as a func t ion  o f  GEFT and sex, adjusted by 
TOTPRE and PRE.
Inspect ion of Figure 13 suggests th a t  the e f f e c t  o f  GEFT achieve­
ment on the c r i t e r i o n  measure POSTQ is d i f f e r e n t  f o r  men and women, 
w ith  an apparent negative r e la t io n s h ip  between GEFT performance and 
adjusted POSTQ performance in  the high-GEFT women. The resu l ts  de­
p ic ted here support the p o s i t io n  th a t  special  t reatment o f any type 
may be more f a c i l i t a t i v e  to  f ie ld-dependent women than to  f i e l d -  
independent women. In an attempt to explore f u r th e r  the POSTQ vs. 
GEFT re la t io n s h ip  fo r  women, a second m u l t i v a r ia te  analysis of 
covariance was performed, s im i l a r  to  th a t  reported in  Table 23, but
( f ie ld -dependent)
Low GEFT High GEFT 
( f i e l d - i  ndependent)
12.
2
with  the quadrat ic fa c to r  GEFT introduced in p a ra l le l  to  the l in e a r  
GEFT fac to r .  The order o f  e f fe c ts  tes ted were: SEX, GEFT, GEFT2 ,
GEFT x SEX, GEFT2 x SEX, GROUP, SEX x GROUP, GEFT x GROUP, GEFT2 x 
GROUP, GEFT x SEX x GROUP, and GEFT2 x SEX x GROUP. Prec ise ly  the 
same pattern  o f s i g n i f i c a n t  e f fe c ts  emerged here as before, w ith  no 
e f fe c t  invo lv ing  the quadrat ic  term achieving s ign i f i cance .
We now turn  our a t te n t io n  to the second set o f  analyses fo r  
Experiment I ,  in  which e f fe c ts  o f MRFT performance were tested.
M u l t i v a r ia te  Analysis o f Covariance of POSTQ and CALCIV, by 
Sex andTreatment Condit ion, w ith  Covariates TOTPRE, PREQ, 
and MRFT.
This analys is  was id e n t ica l  to the one j u s t  repor ted, except f o r  
the use o f  the MRFT instead of the GEFT as an i n d ic a to r  o f cogn i t ive  
s ty le .  The in te n t  was to determine whether the same pa t te rn  of s i g n i f i ­
cant e f fe c ts  would be observed here as in the analyses invo lv ing  GEFT.
Once again a 3 x 2 ( treatment cond i t ion  by sex) f i x e d - e f fe c t s  model 
was tested v ia  m u l t i v a r ia te  analysis of covariance. As before, pre­
tested groups I (DIALOG), I I I  (MONOLOG), and V (CONTROL) were used in 




Order o f E ffec ts  Tested in  the M u l t i v a r ia te  Analysis o f Covariance of 
POSTQ and CALCIV by Sex and Treatment Condit ion, w ith  Covariates TOTPRE, 
PREQ, and MRFT.
Order E f fec t
1 SEX
2 MRFT
3 MRFT x SEX
4 GROUP
5 SEX x GROUP
6 MRFT x GROUP
7 MRFT x SEX x GROUP
A m u l t i v a r ia te  te s t  o f  the hypothesis o f homogeneous w i t h i n - c e l l s  
d ispers ion matrices (Box's M) supported tha t  hypothesis (£(75,3131) = 
1.07615, p > .30).  A m u l t i v a r ia te  te s t  o f the p a ra l le l i sm  hypothesis 
(W i lk ' s  A) supported the hypothesis of p a r a l l e l  regression surfaces 
(£(20,84) = 1.11287, £ > .35). Thus the m u l t i v a r ia te  analysis  of 
covariance was performed. S ig n i f i c a n t  main e f fe c ts  were detected fo r  
SEX and GROUP w i th  no s i g n i f i c a n t  e f fe c ts  f o r  MRFT and no in te ra c t io n  
e f fe c ts .
SEX E f fec t
In the m u l t i v a r ia te  t e s t  o f s ig n i f i ca n ce ,  the SEX e f f e c t  emerged 
as s i g n i f i c a n t  v ia  W i lk 's  A (£(2,42)  = 5.43391, £ < .01).  (The pos i ­
t i o n  o f  SEX as an e f f e c t  in  the sequential  sum o f  squares model has 
been given in  Table 28.)  Two un iva r ia te  analyses o f covariance (one 
w i th  POSTQ as dependent va r ia b le ,  and the other w i th  CALCIV as the
In ­
dependent v a r ia b le )  were then performed. These tes ts  revealed a 
s i g n i f i c a n t  SEX e f f e c t  on POSTQ (F ( l ,4 3 )  = 9.82709, g < .005),  but no 
s i g n i f i c a n t  e f fe c t  on CALCIV ( F (1,43) = .97925, g > .32).  Table 29 
contains the re levant d e sc r ip t ive  data fo r  the covar ia tes TOTPRE and 
PREQ, which had entered the model p r i o r  to the SEX e f fe c t .  Observed 
c e l l  means and c e l l  means adjusted fo r  the two covar ia tes are given in 
Table 30, in d ic a t in g  tha t  s ign i f icance  was a t t r i b u ta b le  to super io r  
performance o f  the females.
Table 29
Means and Standard Deviat ions f o r  TOTPRE and PREQ
TOTPRE PREQ
Sex n M SD M SD
Female 25 18.6800 3.4366 12.6800 6.5493
Male 42 17.8333 5.1462 14.4286 6.4587
Table 30
Observed and Adjusted Cel l Means fo r  POSTQ, Adjusted by TOTPRE and PREQ
Sex n Observed Mean Adjusted Mean
Female 25 28.6800 29.5649
Male 42 27.0000 26.7754
GROUP E f fe c t
In the m u l t i v a r ia te  t e s t  o f  s ign i f i ca nce ,  the GROUP e f f e c t  
emerged as s i g n i f i c a n t  v ia  W i lk 's  A (F(4,84) = 36.64250, g < .001). 
(The p o s i t io n  o f  GROUP as an e f f e c t  in  the sequential  sum of squares
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model has been given in  Table 28. Note th a t  GROUP entered the model 
a f te r  SEX and MRFT.) Two u n iva r ia te  analyses o f  covariance (one with  
POSTQ dependent, and one w ith  CALCIV dependent) were performed, 
reveal ing a s i g n i f i c a n t  GROUP e f f e c t  on POSTQ (F(2,43) = 135.86534, £ 
< .001) but not on CALCIV (F(2,43)  = .62540, £ > .54).  Table 31 
presents c e l l  means and standard dev ia t ions fo r  the covaria tes TOTPRE, 
PREQ, and MRFT. Table 32 presents observed and adjusted c e l l  means 
fo r  POSTQ by GROUP. The s ign i f i ca n ce  of t h i s  e f f e c t  is due to d i f f e r ­
ences between each trea ted  group and the contro l  group, w ith  trea ted  
groups performing b e t te r  than untreated groups.
Table 31
Cell Means and Standard Dev ia t ions, TOTPRE, PREQ and MRFT.
TOTPRE PREQ MRFT
Treatment




23 17.4783 5.1600 13.6957 5.8939 17.0000 9.0072
24 18.3333 3.8491 14.2083 7.7259 15.2500 7.9879
20 18.7000 4.7465 13.3500 5.8859 13.4000 8.0249
Table 32
Observed and Adjusted Cell Means fo r  POSTQ, Adjusted by TOTPRE, PREQ,
and MRFT.
Treatment
Condition n Observed Mean Adjusted Mean
DIALOG 23 33.3913 33.5104
MONOLOG 24 33.4166 32.9977
CONTROL 20 14.0500 14.0975
Experiment I I :  Grading
The grading experiment represents the convergence o f  two types o f 
speculat ions: those ra ised in fo rm a l ly  over the years, regarding the
dynamics o f face- to - face  grading; and those of a more the o re t ica l  
nature (o u t l in e d  in  chapter I I )  which suggest a poss ib le  ro le  th a t  
cogn i t ive  s ty le  might play in s i tu a t ion s  requ i r ing  interpersonal or 
cogn i t ive  evaluat ions. Speculations o f the former type have been 
la rge ly  based on anecdotal in format ion and most commonly suggest the 
p o s s i b i l i t y  of a s tudent/grader sex match/mismatch e f f e c t  on grading 
outcomes. Speculations o f  the l a t t e r  type inc lude, among others, the 
suggestion th a t  graders who score high on the MRFT ( f ie ld -dependents)  
might accede more re a d i l y  than low scorers ( f ie ld - independen ts)  to the 
pressure exerted by the student,  and might the re fo re ,  as a group, 
grade more l i b e r a l l y .
The pr imary research question motiva t ing the analyses in Exper i­
ment I I ,  the Grading Experiment, is  concerned w ith  the e f fe c ts  th a t  
grader and student cogn i t ive  s ty les  may have on grading outcomes in 
(1) face- to - face  grading s i tu a t io n s ,  and (2) in  s o l i t a r y  s i tu a t ion s
where no knowledge o f the ind iv idua l  being graded is  ava i lab le  to the 
grader. Moreover, the th e o re t ica l  framework ou t l ined  in  chapter I I  
suggests th a t  analyses pursuant to  t h i s  quest ion should be sens i t ive  
to the p o s s i b i l i t y  o f  e f fe c ts  due to the sex o f the grader, or the sex 
o f the student,  or both, in the face- to - face  s i tu a t io n .  As described 
in  chapter I I I ,  the Grading Experiment involved three stages. Each 
stage focused on a v a r ia t io n  of e s s e n t ia l l y  one quest ion and so w i l l  
be t reated separate ly.
Stage 1: Face-to-Face Grading
Descr ip t ive  S t a t i s t i c s
The f i r s t  stage o f the analyses reported here focuses on the 
possible e f fe c ts  o f  students'  and graders'  cogn i t ive  s ty les  and sex on 
ca lcu lus t e s t  scores. These f i r s t  analyses u t i l i z e d  fo r ty -one  
randomly selected f i r s t - t r i e s  on the u n i t  I ca lcu lus t e s t ,  repre­
sent ing 41 d i s t i n c t  student/grader dyads. The graders involved in  
these dyads w i l l  be re fe r red  to as " fa ce - to - fa ce  graders".  The 
fo l low ing  codes have been used in  re ferenc ing the var iab les  re levant 
to these analyses.
G1GRADE: The s tudent 's  score on the f i r s t - t r y  u n i t  I t e s t ,
determined by the f i r s t  ( fa ce - to - fa ce )  grading.
G1EFT: The face - to - face  grader 's  score on the GEFT.
G1RFT: The face - to - face  grader 's  score on the MRFT.
STUEFT: The s tudent 's  score on the GEFT.
STURFT: The s tudent 's  score on the MRFT.
TOTPRE: The s tudent 's  score on the p re tes t .
Means and standard dev ia t ions fo r  the preceding var iab les  are 
shown in  Table 33.
Table 33
Means and Standard Deviat ions fo r  A l l  Variables Per t inen t  to  the Analysis 
o f  the 41 Exams, Face-to-Face Grading Arrangement
Var iab le3 n M SD
G1GRADE (15,100;100) 41 80.561 17.530
G1EFT (6,18;18) 41 14.878 2.750
G1RFT (3 ,62 ;0b) 41 18.634 11.813
STUEFT (3,18;18) 41 12.707 4.931
STURFT (4 ,4 3 ;0b) 41 17.317 9.493
TOTPRE (11,33;41) 41 19.268 5.167
aNumbers in  parentheses are, 
in  the sample, the maximum
respec t ive ly ,  
score achieved
the minimum score 
in the sample, and
achi eved 
the
maximum poss ib le  score.
bFor the MRFT the optimal score is  0, in d ic a t in g  a 0° t o ta l  devia­
t i o n  o f  the rod (from t rue  v e r t i c a l ) .
Table 34 presents grand, marginal,  and c e l l  means f o r  a l l  va r iab les ,  
in a grader sex by student sex f a c to r i a l  arrangement.
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Table 34
C e ll ,  Marginal, and Grand Means fo r  A l l  Variab les P e rt in en t to  the
Analysis o f  the 41 Exams, 
Sex by Student Sex
Face-to-Face Grading Arrangement, Grader
Student Sex 




Sex (n=18) ( n = l l ) I
G1GRADE 76.944 88.728 | 81.414
STUEFT 12.444 13.636 1 12.896
STURFT 16.389 14.091 1 15.517
Male TOTPRE 17.722 20.727 | 18.861
(n=29) G1EFT 15.500 13.636 , 14.793
GIRFT 17.444 22.818 1 19.483
1
I
( n=5") | (n=7) 1
G1GRADE 79.000 1 78.143 | 78.500
STUEFT 13.600 11.286 1 12.250
STURFT 22.600 21.000 ' 21.667
Female TOTPRE 22.200 18.857 | 20.250
(n-12) G1EFT 15.600 14.714 , 15.083
GIRFT 14.000 18.429 1 16.583
I
G1GRADE 77.391 84.611 | 80.561
STUEFT 12.696 12.722 < 12.707
STURFT 17.739 16.778 1 17.317
TOTPRE 18.696 20.000 | 19.268
GT EFT 15.522 14.056 . 14.878
GIRFT 16.696 21. I l l 1 18.634
Zero-order (Pearson product-moment) c o r re la t io n  c o e f f i c i e n t s  were 
computed f o r  each p a i r  of  measures re levan t  to the analyses in Stage 1. 
These c o e f f i c ie n t s  are presented in  Table 35.
Table 35 
Corre la t ions fo r  A11 Pairs o f Variables Per t inen t to the Analysis of
Face-to-Face Grading Outcomes





STUEFT -.1632 -.0746 -.1152
(41) (41) (41)
STURFT .2743* -.1163 .1123 -.1320
(41) (41) (41) (41)
TOTPRE .0276 -.1789 -.1188 .4398*** - .0135
(41) (41) (41) (41) (41) .
Note. The number o f  pa irs  used in  computing each c o r re la t io n  c o e f f i c i e n t  
is  given in  parentheses.
* * *  £ < .005 
* £ < .05
Stage 1 (Face-to-Face Grading): Analyses
In Stage 1, e f fe c ts  o f  students'  and graders'  sex (STUSEX and 
G1SEX) and cogn i t ive  s ty les  on u n i t  I ca lcu lus exam scores (G1GRADE) 
were considered. Two separate analyses were conducted: one in order
to te s t  the e f fe c ts  o f student and grader GEFT performance (STUEFT and 
G1EFT re sp e c t ive ly ) ,  and the other to t e s t  the e f fe c ts  o f student and 
grader MRFT performance (STURFT and GIRFT re sp e c t ive ly )  on G1GRADE.
Pr io r  to  any analyses, histograms o f a l l  va r iab les  (and sca t te rp lo ts  
o f  appropria te  pa irs  the reo f )  were inspected, and no serious devia­
t ions  from normal i ty  were observed.
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Univar ia te  Analysis o f  Covariance o f  G1GRADE, Face-to Face Arrangement, 
by Sex o f  Student and Sex of Grader, w ith  Covariates TOTPRE, STUEFT, 
and G1EFT.
The analys is  employed a 2 x 2 (STUSEX x G1SEX) model, and the 
p r in c ip le  technique was a un iva r ia te  analys is  o f  covariance on G1GRADE 
(the grade assigned by the grader in  the face - to - face  s i t u a t i o n ) ,  w ith  
TOTPRE (the te s t  o f  precalculus knowledge), STUEFT and G1EFT as co­
var ia tes .  Order of e f fe c ts  tested in  the sequential procedure is 
given in Table 36.
1.1-
Table 36
Order o f  E f fec ts  Tested in  the Univar ia te  Analysis o f  Covariance of 
G1GRADE, Face-to-Face Arrangement, by Sex o f Student and Sex of 
Grader, w i th  Covariates TOTPRE, STUEFT, and G1EFT
Order E f fec t
1 TOTPRE
2 STUEFT
3 TOTPRE x STUEFT
4 STUSEX
5 TOTPRE BY STUSEX
6 STUEFT BY STUSEX
7 TOTPRE x STUEFT x STUSEX
8 G1 SEX
9 STUEFT x G1 SEX
10 G1SEX x STUSEX
11 STUEFT x G1 SEX x STUSEX
12 G1EFT
13 G1EFT X G1SEX
14 G1EFT x STUSEX
15 G1EFT x G1SEX x STUSEX
16 STUEFT x G1EFT
17 STUEFT x G1EFT x STUSEX
18 STUEFT x G1EFT x G1SEX
19 STUEFT x G1EFT x STUSEX x G1SEX
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I t  should be noted th a t  the order o f e f fe c ts  suggests a conservat ive 
approach to  the de tec t ion  o f  cogn i t ive  s ty le  d i f fe rences  in the 
fo l low ing  sense: a p t i tu d in a l  and sex e f fec ts  were allowed to enter
the model before the cogn i t ive  s ty le  i n te ra c t io n  e f f e c t  ( e f f e c t  #16). 
This is  in  keeping w i th  one o f W i tk in 's  resu l ts  (and admonit ions),  
namely, th a t  a sex match/mismatch e f f e c t ,  i f  al lowed to occur, may 
overpower any cogn i t ive  s ty le  match/mismatch e f fe c ts  (W i tk in ,  Moore, 
Goodenough, & Cox, 1977).
A te s t  o f  the assumption o f homogeneity o f  var iance supported the 
assumption a t the .01 leve l ( B a r t l e t t ;  F(3,1346) = 3.12236). Moreover, 
a un iva r ia te  t e s t  o f  the p a ra l le l i sm  hypothesis was also nons ign i f ican t  
(F(9,26) = .7596, p > .65).  The s ign i f i cance  o f  each e f fe c t  l i s t e d  i n '  
Table 36 was then tested by a un iva r ia te  analysis o f covariance. None 
o f the e f fe c ts  tes ted achieved s ign i f i cance  a t the .05 leve l .  Flowever, 
the G1EFT x G1SEX x STUSEX e f fe c t  was s i g n i f i c a n t  at the .075 level 
( F(1,21) = 3.53) and warrants some considerat ion. Cel l means and 




Cel l Means and Standard Deviat ions f o r  TOTPRE and STUEFT fo r  Students 





M SD M SO
Female Students
Female 4 20.25 7.27 12.50 4.43
Male 7 22.00 6.16 13.86 5.67
Male Students
Female 2 25.00 1.41 12.00 4.24
Male 7 18.43 5.98 13.14 5.33
High GEFT Graders
Female Students
Female 3 17.00 4.36 9.67 6.66
Male 4 18. 50 3.32 13.25 6.95
Male Students
Female 3 20.33 5.51 14.67 4.04
Male 11 17.45 3.80 12.00 4.56
Table 38 presents observed and adjusted c e l l  means fo r  G1GRADE, 
adjusted fo r  TOTPRE and STUEFT, broken down by high GEFT and low GEFT 
graders.
Table 38
Observed and Adjusted Cel l  Means f o r  G1GRADE, Adjusted by TOTPRE and 
STUEFT, f o r  High GEFT and Low GEFT Graders
Low GEFT Graders
Grader Sex n Observed Mean Adjusted Mean
Female Students
Female 4 80.2500 80.05
Male 7 91.1429 92.26
Male Students
Female 2 64.5000 62.60
Male 7 78.2857 77.32
High GEFT Graders
Female Students
Female 3 75.3333 74.16
Male 4 84.5000 85.09
Male Students
Female 3 88.6666 88.80
Male 11 77.3636 77.82
To help shed some l i g h t  on the nature o f  the G1EFT x G1SEX x 
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Figure 14. G1GRADE as a func t ion  o f  grader sex, student sex, and
grader GEFT, adjusted by TOTPRE and STUEFT.
The patterns represented in Figure 14 are ra the r  i n t r i g u in g ,  
though in te rp re ta t io n  should be tempered with  the reminder th a t  c e l l  
sizes were unbalanced and small. Low GEFT male graders appear to give 
o rd in a te ly  higher grades to both male and female students than low 
GEFT female graders, w ith  the advantage going to the females under 
e i t h e r  the male-grader or female-grader condi t ion . The pat te rn  would 
be ide n t ica l  f o r  high GEFT graders i f  the female graders had given 
s i g n i f i c a n t l y  lower grades to t h e i r  male students. For the high GEFT 
graders, i t  appears th a t  the advantage goes to the student w ith  an 
opposite-sex grader. In general,  there is  more variance among the 
grades given by the low GEFT graders, than among grades given by the 
high GEFT graders, a re s u l t  somewhat incons is ten t  w i th  resu l ts  in the 
f i e l d  o f  appraisal research (Gruenfeld & Arbuthnot,  1969). (Based on 
t h e i r  f in d in g s ,  Gruenfeld and Arbuthnot suggest th a t  v a r i a b i l i t y  in 
ra t ings  is  s i g n i f i c a n t l y  re la ted  to RFT but not to EFT performance of
the r a t e r . )  Moreover, i f  the high GEFT female graders had graded the 
males more severely,  thus producing s im i la r  patterns fo r  both high 
GEFT and low GEFT graders, the p o s s i b i l i t y  ex is ts  th a t  low grader GEFT 
( i n d ic a t in g  f i e l d  dependence) would be associated with  higher student 
grades in general,  an e f f e c t  th a t  has been predic ted f o r  the MRFT.
Univar ia te  Analysis o f  Covariance of G1GRADE, Face-to-Face 
Arrangement, by Sex o f  Student and Sex of Grader, with  
Covariates TOTPRE, STURFT,and GIRFT.
The second analys is  attempted in Stage 1 employed the same 2 x 2  
model as prev ious ly  employed, and tes ted the same e f fe c ts  as in the 
la s t  ana lys is ,  w ith  one except ion: GEFT scores were replaced by MRFT
scores fo r  student and grader. Therefore w ith  the fo l low ing  replace­
ments, Table 36 represents the e f fe c ts  tested.
STUEFT replaced by STURFT 
G1EFT replaced by GIRFT 
A te s t  o f the assumption o f homogeneity o f var iance supported the 
assumption a t the .01 leve l ( B a r t l e t t ;  F(3,1346) = 3.12236). More­
over, the assumption o f  p a r a l l e l  regression surfaces was tenable 
(F(9,26) = .5007, £ > .85).  The s ign i f i cance  o f a l l  e f fe c ts  was 
tes ted v ia  a un iva r ia te  analys is  o f covariance. None o f the e f fe c ts  
achieved s ign i f i cance  a t the .05 level (£ > .13 f o r  a l l  e f fe c ts ) .
This re s u l t  was d isappo in t ing  since i t  was predic ted th a t  grader MRFT 
scores would have a s i g n i f i c a n t  in f luence on grades in  the face- to -  
face arrangement. I t  appears th a t  the GEFT of the grader is  a more 
promising measure in exp lo r ing  grader d i f fe rences and pathologies in 
the face- to - face  grading s i tu a t io n .
Stage 2: Cognit ive Sty le  and Sex E f fec ts :  Non-Face-to-Face Grading
Descr ip t ive  S ta t i s t i c s
The second stage o f the grading experiment focuses on e f fe c ts  o f 
cogn i t ive  s ty le  and sex which might have been confounded by the i n t e r ­
personal loading of the face - to - face  grading arrangement. S p e c i f i c a l l y ,  
to what extent do subt le cogn i t ive  e f fe c ts  o f student/grader cogn i t ive  
s ty le  matches and mismatches inf luence grading outcomes? And to what 
extent does the sex of the grader in f luence grading outcomes when no 
s tudent/grader sex in te ra c t io n  e f f e c t  is  allowed to occur?
To address these quest ions the same 41 exams used in Stage 1 were 
used. Markings made by the " f i r s t  graders" were removed and copies 
were assigned randomly to each o f 41 graders employed by the Test ing 
Center during a l a t e r  semester. The ind iv idu a ls  responsible fo r  th i s  
regrading w i l l  be re fe r red  to as "non- face- to - face  graders". The 
fo l lo w ing  codes have been used in re ferencing the var iab les  re levant 
to  the analysis  o f the second grading. (Some of these codes have 
already been introduced in  the discussion o f Stage 1, but w i l l  be 
repeated here since they also w i l l  be used in Stage 2 an a lys is . )
G2GRADE: The s tudent 's  score on the f i r s t - t r y  u n i t  I t e s t
determined by the second (non face - to - face )  
gradi ng.
G2EFT: The non- face- to- face grader 's  score on the GEFT.
G2RFT: The non- face- to- face grader 's  score on the MRFT.
STUEFT: The s tuden t 's  score on the GEFT.
STURFT: The s tudent 's  score on the MRFT.
TOTPRE: The s tudent 's  score on the p re tes t .
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Means and standard dev ia t ions f o r  the preceding var iab les  are 
shown in  Table 39, and breakdowns by sex fo l lo w  in Table 40. Once 
again, the va r iab le  G2GRADE is o f i n te re s t  fo r  what i t  t e l l s  us about 
both the student and the grader.
Table 39
Means and Standard Deviat ions fo r  A l l  Variables Per t inen t  to  the Analysis 
o f the 41 Exams, Non-Face-to-Face Grading Arrangement
Var iab le3 n M SD
G2GRADE (15 ,100 ;100) 41 77.732 17.372
G2EFT (10,18;18) 41 15.732 1.803
G2RFT (2 ,4 0 ;0b) 41 13.610 8.933
STUEFT (3,18;18) 41 12.707 4.931
STURFT (4 ,43 ;0b) 41 17.317 9.493
TOTPRE (11,33;41) 41 19.268 5. 167
aNumbers in  parentheses are, respect i  v e l y , the minimum score achi eved
in  the sample, the maximum score achieved in  the sample, and the 
maximum possib le  score.
bFor the MRFT the optimal score is  0, in d ica t in g  a 0° to ta l  devia­
t i o n  o f  the rod (from t rue v e r t i c a l ) .
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Table 40
Means and Standard Deviat ions fo r  A l l  Var iab les Pe r t inen t  to  the Analysis




Variable rs M SD n M SD
G2GRADE 23 73.913 19.498 18 82.611 13.160
STUEFT 23 12.696 4.517 18 12.722 5.550
STURFT 23 17.739 9.701 18 16.778 9.472




Var iab le n M SD n M SD
G2GRADE 25 76.560 20.273 16 79.562 11.888
G2EFT 25 15.560 1.873 16 16.000 1. /13
G2RFT 25 13.000 9.600 16 14.563 7.983
Zero-order (Pearson product-moment) c o r re la t io n  c o e f f i c i e n t s  were 
computed fo r  each p a i r  o f  measures re levant to the analyses in Stage 2. 
These c o e f f i c ie n t s  are presented in Table 41.
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Table 41
Corre la t ions fo r  A l l  Pairs o f  Variables Per t inen t  to the Analysis o f 
Non-Face-to-Face Grading Outcomes





























Note. The number o f pa i rs  used in computing each c o r re la t io n  c o e f f i c i e n t  
is  given in  parentheses.
* £ < .05 
* * *  £ < .005
Stage 2 (Non-Face-to-Face Grading): Analyses
The in te n t  in stage 2 was to remove the interpersonal component 
from the grading arrangement, in  order to determine whether the purely  
cogn i t ive  aspects o f students '  and graders'  cogn i t ive  s ty les  might 
exert  in f luence on the grading outcome v ia  the exam paper alone. Of 
course, in t h i s  " s o l i t a r y  grading" arrangement, the sex o f the student 
was no longer known, and hence d isal lowed from exer t ing  in f luence on 
the grade. Recall t h a t  the 41 exam papers used in  Stage 1 were cleared 
of a l l  grader markings, photocopied, and d is t r ib u te d  randomly to a new 
group o f 41 graders. As in  Stage 1, two separate analyses were con­
ducted: one in  order to t e s t  the e f fe c ts  o f  student and grader GEFT
performance (STUEFT and G2EFT re sp e c t ive ly ) ,  and the other to  t e s t  the 
e f fe c ts  o f student and grader MRFT performance (STURFT and G2RFT 
respec t ive ly )  on G2GRADE, the grade assigned by the grader in the 
s o l i t a r y  s i tu a t io n .
Univar ia te  Analysis o f Covariance o f G2GRADE, Non-Face-to-Face 
Arrangement, by Sex o f  Grader, w ith  Covariates TOTPRE, STUEFT, 
and G2EFT
The analysis  employed a oneway un iva r ia te  analys is  o f  covariance 
with  sex of the grader, G2SEX, as the nominal independent va r iab le ,  
G2GRADE as the dependent va r iab le ,  and TOTPRE, STUEFT, and G2EFT as 
covariates. The order o f e f fe c ts  tested in  the sequential  procedure 
is given in  Table 42.
Table 42
Order o f E ffec ts  Tested in  the Univar ia te  Analysis of Covariance of 
G2GRADE, Non-Face-to-Face Arrangement, by Sex o f Grader w ith  
Covariates TOTPRE, STUEFT, and G2EFT.




4 STUEFT x G2SEX
5 G2EFT
6 G2EFT x G2SEX
7 G2EFT x STUEFT
8 G2EFT x STUEFT x G2SEX
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A te s t  o f the assumption o f  homogeneity of var iance supported the 
assumption a t the .01 leve l ( B a r t l e t t ;  F(1,3949) = 4.54906.),  and the 
assumption o f p a ra l l e l  regression surfaces was supported (F(3,33) = 
.2226, p > .88).  The s ign i f i ca nce  o f each of the e f fe c ts  l i s t e d  in 
Table 42 was then tes ted by the un iva r ia te  analysis o f covariance.
None o f  the e f fe c ts  achieved s ign i f i cance  (g > .25 fo r  a l l  e f fe c t s ) .
Un ivar ia te  Analysis o f  Covariance o f  G2GRADE, Non-Face-to-Face
Arrangement, by Sex o f  Grader, w ith  Covariates TOTPRE, STURFT,
and G2RFT
The second analysis in  Stage 2 employed the same oneway model as 
the previous ana lys is ,  w ith  MRFT scores rep lacing GEFT scores fo r  
student and grader. Therefore w ith  the fo l low ing  replacements, Table - 
42 represents the e f fe c ts  tested.
STUEFT replaced by STURFT 
G2EFT replaced by G2RFT 
A t e s t  o f the assumption o f homogenity of var iance was supported at
the .01 leve l (F ( l ,3949)  = 4 .55) ,  and the assumption o f p a ra l le l
regression surfaces was also supported (F(3,33) = .9972, £ > .40).
The s ign i f i cance  o f a l l  e f fe c ts  was tes ted v ia  a un iva r ia te  analysis 
o f covariance. None o f  the e f fe c ts  achieved s ign i f i cance  a t the .05 
leve l .  However, the e f f e c t  o f STURFT on G2GRADE was s i g n i f i c a n t  at 
the .08 level ( F ( l , 3 2 )  = 3.28).  In Table 41 we saw th a t  the zero- 
order c o r re la t io n  c o e f f i c i e n t  between STURFT and G2GRADE is p o s i t i ve  
and s i g n i f i c a n t  a t  the .05 leve l .  In fa c t ,  the second p a r t i a l  
c o r re la t io n  c o e f f i c i e n t  between STURFT and G2GRADE, ad jus t ing  fo r  
TOTPRE and G2RFT, is  .2828 (£ < .05).  For the female students in
1<K
the sample th i s  p a r t i a l  is  .2492 (ns ) ,  and f o r  the men i t  is  .4261 (g 
< .03).
GIGRADEs vs. G2GRADEs
As a f i n a l ,  though ra th e r  p r im i t i v e  comparison of the face - to -  
face vs. non- face- to- face  assessments o f the 41 te s ts ,  a paired 
samples t - t e s t  was performed on the means o f the GIGRADEs and 
G2GRADEs. Results are reported in  Table 43.
Table 43
Comparison o f Face-to-Face Graders1 and Non-Face-to-Face Graders' Mean
Scores on 41 Randomly Selected Uni t  I Calculus Tests Using a Paired
Samples t - t e s t






* £  < . 02
I t  appears th a t  grades assigned in the Face-to-Face arrangement 
are indeed s i g n i f i c a n t l y  higher than grades assigned in the Non- 
Face-to-Face arrangement.
Stage 3: Common Measure
Descr ip t ive  S t a t i s t i c s
To provide a f i n a l  means o f inve s t ig a t in g  grader cogn i t ive  s ty le  
and sex e f fe c ts  on ca lcu lus grades, each o f the second group of graders 
graded the same set o f three exams, composed o f 15 randomly selected
K ,
items drawn from the archives o f  graded exams fo r  un i ts  I ,  I I  and V I I  
of  ca lcu lus I  and I I .  These three common exams, re fe r red  to as C0MM1, 
C0MM2, and C0MM3 w i l l  be combined in to  a s ing le  measure, COMM, fo r  
analys is .
Descr ip t ive  s t a t i s t i c s  fo r  each of the three common exams, as 
wel l  as the combined measure and grader cogn i t ive  s ty le  measures are 
given in  Table 44. Breakdowns by sex fo l lo w  in  Table 45.
Table 44
Means and Standard Deviat ions fo r  A l l  Var iables Per t inen t  to  the Analysis
o f the Common Exams
Var iab le3 n M SD
G2EFT (10,18;18) 41 15.732 1.803
62RFT (2 ,40 ;0b) 41 13.610 8.933
C0MM1 (43,74;100) 41 57.049 7.018
C0MM2 (11,51;100) 41 30.244 8.851
C0MM3 (42,77;100) 41 65.073 8.250
COMM (121,185;300) 41 152.366 15.21
aNumbers in parentheses are, r e s p e c t iv e ly , the minimum score achieved
in the sample, the maximum score achieved in the sample, and the
maximum poss ib le  score.
bFor the MRFT the optimal score i s  0, i n d ic a t in g  a 0° to ta l devia-
t i o n  o f the rod (from t rue  v e r t i c a l ) .
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Table 45
Means and Standard Deviat ions f o r  A l l  Variables Pe r t inen t  to  the Analysis
o f  the Common Exams, by Sex
Sex o f  Grader
Male Female
Variable n M SD n M SD
G2EFT 25 15..560 1.873 16 16.000 1.713
G2RFT 25 13. 000 9.600 16 14.563 7.983
C0MM1 25 54. 760 6.547 16 60.625 6.355
C0MM2 25 31. 120 10.341 16 28.875 5.875
C0MM3 25 65. 800 8.067 16 63.937 8.668
COMM 25 151. 680 16.837 16 153.438 12.702
Zero-order (Pearson product-moment) c o r re la t io n  c o e f f i c i e n t s  were 




Corre la t ions fo r  A l l  Pairs o f Var iables Per t inen t  to  the Analysis o f 
the Common Exams.































Note. The number of pa irs  used in  computing each c o r r e la t io n  c o e f f i c i e n t  
is  given in  parentheses.
* * * *  £  < .001
Stage 3 (S o l i t a r y  Grading o f a Common Measure): Analysis
For t h i s  analys is  the compila t ion o f 15 items randomly selected 
from the archives o f graded exams was used. This measure is re fe r red  
to as COMM. Each o f the graders in the second group graded COMM, thus 
producing 41 estimates of COMM. The analysis t h a t  fo l lows  was aimed 
at detect ing any cogn i t ive  s ty le  or sex e f fe c ts  th a t  may be operant in 
the s o l i t a r y  grading s i tu a t io n .
Univar ia te  Analysis o f  Covariance o f  COMM by Sex o f Grader, w ith  
Covariates G2EFT and G2RFT.
This analysis employed a oneway model (w i th  G2SEX as the fa c to r )  
to t e s t  the e f fe c ts  on COMM l i s t e d  in Table 47.
Table 47
Order o f E f fec ts  Tested in  the Univar ia te  Analysis o f  Covariance o f 
COMM, by Sex of Grader, w ith  Covariates G2EFT and G2RFT.




4 G2RFT x G2SEX
5 G2EFT x G2SEX
A te s t  o f the assumption o f homogeneity of variance supported the 
assumption ( B a r t l e t t ;  £(1,3949) = 1.35153, g > .24).  Moreover, a t e s t  
o f  the assumption o f  p a ra l l e l  regression surfaces supported tha t  
assumption (£(2 ,35) = .3370, g > .70). The un iva r ia te  analysis of 
covariance revealed no s i g n i f i c a n t  e f fe c ts  (g > .48 fo r  a l l  e f fe c ts  
tes ted) .
The analyses conducted in  exp lo r ing  the quest ions th a t  motivated 
the present study have f a i l e d  to corroborate some o f  our conjectures. 
The expectat ion of a cogn i t ive  s ty le  by treatment group in te ra c t io n  
was not supported. In a d d i t io n ,  the expectat ion th a t  MRFT-field- 
dependent graders would demonstrate a tendency to  accede to the pres­
sure o f  the student (and respond w i th  s i g n i f i c a n t l y  higher grades than
1 bo
MRFT-field- independent graders) was not supported. However, several 
s i g n i f i c a n t  main e f fe c ts  and in te ra c t io n s  were detected, and some new 
d i re c t io n s  fo r  fu tu re  research are suggested. These issues w i l l  be 
considered in  chapter V.
CHAPTER V
CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH 
Examination of Results
The purpose o f  the present study was to e x p lo i t  the f i e l d  
dependence/independence cons truc t  ( f - d / i )  in  the context o f two ex­
periments focusing on in s t r u c t i o n  and evaluat ion. More s p e c i f i c a l l y ,  
the study assessed the ro le  of f - d / i  in  exp la in ing  the d i f f e r e n t i a l  
e f fec t iveness  o f d i f f e r e n t  types o f audio-v isua l  i n s t r u c t i o n ,  and in 
exp la in ing  d i f fe rences in  grading outcomes. One common thread, woven - 
through the designs fo r  analyzing the data in  these experiments, binds 
a considerat ion of sex d i f fe rences i n e x t r i c a b ly  to the study of f - d / i .  
This concern f o r  sex d i f fe rences  is not capr ic ious but r e f l e c t s  the 
acknowledgement of p e rs is te n t  d i f fe rences between the sexes on
measures of f - d / i .  Moreover, tha t  ide n t ica l  cogn i t ive  s ty le  p r o f i l e s
may have d i f f e r e n t  behavioral  imp l ica t ions  fo r  two ind iv idu a ls  of
opposite sex is a p o s s i b i l i t y  tha t  should not be disregarded. I t  is
w ith  some comments on such sex d i f fe rences th a t  we begin a review of 
the present study.
Corre la t iona l  Findings
As is f requen t ly  reported in  the l i t e r a t u r e ,  the men in  the 
present sample scored s l i g h t l y  higher than the women on the GEFT, and 
s l i g h t l y  lower than the women on the MRFT, however ne i the r  d i f fe rence  
was s i g n i f i c a n t .  Moreover, the c o r re la t io n  between the two measures
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of cogn i t ive  s ty le  was s i g n i f i c a n t  fo r  the men ( r  = - .2690, £ < .005) 
but not f o r  the women ( r  = - .1700, ns), a re s u l t  cons is ten t  w ith  tha t  
o f W i tk in  and his associates (1954).
I t  also should be pointed out tha t  the co r re la tes  o f a given 
f - d / i  measure fo r  one sex were not necessar i ly  the co r re la tes  fo r  the 
other sex. In the present sample th i s  was p a r t i c u l a r l y  t rue with 
respect to  mathematics achievement measures. For example, fo r  men, 
the GEFT was s i g n i f i c a n t l y  (and p o s i t i v e l y )  corre la ted  w ith  PREQ and 
P0STQ (£ < .05) ,  whi le  f o r  the women these c o r re la t io ns  were not 
s ig n i f i c a n t .  On the other hand, MRFT was s i g n i f i c a n t l y  corre la ted  
w ith  PREQ and CALCIV performance fo r  women, but not f o r  men. More­
over, f o r  women, the c o r re la t io n  between MRFT and CALCIV was p o s i t i v e  - 
and s i g n i f i c a n t  (£ < .05) ,  suggest ing tha t  f ie ld-dependence might 
sometimes be associated w i th  greater  achievement in  mathematics (as 
measured by CALCIV), a r e s u l t  tha t  con t rad ic ts  expectat ions based on 
many reported f ind ings .  For men, the c o r re la t io n  between MRFT and 
CALCIV was also p o s i t i v e  but did not achieve s ign i f i cance  a t the .05 
leve l .  The sample-wide c o r re la t io n  between MRFT and CALCIV was pos i ­
t i v e  and s i g n i f i c a n t  (£ < .02).
The co r re la t io n a l  f ind ings  suggest th a t  the MRFT's co r re la t io n a l  
s t ruc tu re  might include measures o f  mathematics achievement f o r  women, 
whi le  the GEFT's c o r re la t io n a l  s t ruc tu re  does so fo r  men. I t  would be 
i n te re s t in g  to pursue the nature o f t h i s  sex d i f fe rence  in  fu tu re  
research, p a r t i c u l a r l y  in an e f f o r t  to understand the associa t ion of 
MRFT performance with  mathematics achievement in  women. Perhaps a 
study focusing on e r ro r  analys is  in ca lcu lus students might explore 
the p o s s i b i l i t y  t h a t  e r ro r  patterns in  females are re la ted  to  a
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stra tegy se lec t ion  de f ic iency  or  a mismanaged in t e r r u p t  func t ion
(Pascuale-Leone, 1974), which leads the women to close prematurely in
the so lu t ion  o f problems. In the th e o re t ic a l  framework developed
here, we have impl icated both s t ra tegy  se lec t ion  c a p a b i l i t i e s  and the
act ion o f  the i n te r ru p t  funct ion  w ith  MRFT performance.
SEX x GROUP E f fec t  in Experiment I
In the experiment focusing on the two d i f f e r e n t  methods of 
de l i ve r in g  audio-visual remedial i n s t r u c t i o n  in  t r igonometry , three 
d i f f e r e n t  experimental groups were used (DIALOG, MONOLOG, and CONTROL). 
A m u l t iv a r ia te  analysis  o f  covariance revealed a s i g n i f i c a n t  SEX x 
GROUP e f fe c t  on POSTQ scores when GEFT had been entered as the measure- 
o f cogn i t ive  s ty le ,  but t h i s  e f f e c t  was not s i g n i f i c a n t  in  the analys is  
which entered MRFT as the measure o f  cogn i t ive  s ty le .  Two comments 
are in order.
F i r s t ,  the s i g n i f i c a n t  SEX x GROUP e f f e c t  (F igure  12) suggests 
th a t  the women outperformed the men fo l lo w ing  treatment o f e i t h e r  
DIALOG or MONOLOG type, whi le  the pa t te rn  is reversed under the 
contro l  condi t ion . I t  had been hypothesized th a t  f ie ld -dependent 
ind iv idua ls  might b e ne f i t  more from the DIALOG treatment,  whi le  f i e l d -  
independents might b e n e f i t  more from the MONOLOG cond i t ion .  C lear ly  
i t  seems th a t  some aspect of both treatments was more f a c i l i t a t i v e  to 
the learn ing o f the women than the men. I t  is  tempting to conclude 
tha t  the dialogs were more f a c i l i t a t i v e  f o r  the women than the monologs. 
We would then conclude th a t  the relaxed re la t io n s h ip  between the 
female student and the i n s t r u c to r  in  the d ia logs served a motiva t iona l
purpose fo r  the women, or  perhaps the interpersonal  m i l ieu  was simply 
more congenial as a learn ing  environment fo r  the women, a statement 
which, in the planning phases o f  th i s  study, had been appl ied to the 
f i e l d  dependent learner.  The fa c t  tha t  social  aspects o f  i n t e r ­
v e n t io n is t  t reatment have been shown to be important to female 
learners in  mathematics has already been discussed (Brady & Fox,
1980).
The second comment on the s i g n i f i c a n t  SEX x GROUP e f f e c t  simply 
raises the question as to why the e f fe c t  was s i g n i f i c a n t  in the analys 
employing the GEFT but not in the analysis employing the MRFT. I t  is 
possible tha t  the c o r re la t io n a l  s t ruc tu re  e x is t in g  between the MRFT 
and measures of mathematics achievement might in  some way dimin ish the 
SEX x GROUP e f f e c t  in  the l a t t e r  case.
GEFT x SEX E f fec t  in  Experiment I
The fa c t  th a t  high GEFT female students demonstrated a depression 
in POSTQ scores (Figure 13) is  not su rp r is ing  in the l i g h t  o f the weak 
co r re la t io n a l  s t ruc tu re  e x is t in g  between the GEFT and measures of 
mathematics achievement f o r  the women. In add i t ion ,  i t  may be tha t  
the low and midrange GEFT women are more open to in te rven t io n  in 
general and th i s  openness had a p o s i t ive  in f luence on t h e i r  
achievement fo l lo w ing  the treatments. This re s u l t  is t o t a l l y  con­
s is te n t  w ith  the view exp l ica ted  in chapter I I  tha t  the learn ing of 
the f ie ld-dependent ind iv idua l  is  both character ized by and enhanced 
by re l iance on external sources o f information.
1 bS
GROUP and SEX E ffec ts  in  Experiment I
In both analyses (GEFT and MRFT) in Experiment I ,  GROUP and SEX 
emerged as s i g n i f i c a n t  main e f fe c t s ,  favor ing t rea ted  vs. untreated 
groups on POSTQ and favor ing  females over males on POSTQ. Of some 
concern here is the fa c t  th a t  there was no group e f f e c t  on CALCIV.
Perhaps such a group e f f e c t  is  not to be expected when so many un­
con t ro l le d  e f fec ts  intervene between remedial i n s t r u c t io n  and u n i t  IV 
te s t in g .  I t  also should be noted th a t  students in  both CONTROL groups
(pretested and unpretested) were given a complete set o f t r igonometry
remedial mater ia ls  to work on a t  home.
G1EFT x STUSEX x G1SEX E f fe c t  in  Experiment I I
This e f fe c t  was most i n t r i g u in g  and has been discussed e a r l i e r  
(Figure 14). The existence o f  the e f fe c t  in  the face - to - face  grading 
arrangement may be in  large measure due to the in te ra c t io n  of high 
GEFT female graders w ith  male students. I t  is possib le  th a t  the high 
GEFT females extended a grading advantage to  male students, w ith  whom 
they i d e n t i f y  more c lose ly .
STURFT E f fec t  on G2GRADE in  Experiment I I
Once again we saw evidence o f a p o s i t i v e  re la t io n s h ip  between 
performance on the MRFT and performance on a ca lcu lus te s t .  This 
re s u l t  suggests an advantage to the MRFT f ie ld-dependent ind iv idu a ls .  
E a r l i e r  we noted such an e f f e c t  on the u n i t  IV te s t .  I t  may be th a t  
t e s t - s p e c i f i c  c h a ra c te r i s t i c s  favor the more global processor. However 
i t  seems more l i k e l y  th a t  the observed re la t io n s h ip  might be re la ted  
to the way high MRFT as opposed to low MRFT ind iv id u a ls  use the system
156
o f  mastery te s t in g  as a learn ing mechanism. Recall t h a t  students may
take up to three t r i e s  on each u n i t  ca lculus te s t .  Some students use
the f i r s t  t r y  or even the f i r s t  two t r i e s  as a means o f  gathering
informat ion regarding the nature o f the te s t  quest ions. I t  seems
qu ite  p laus ib le  th a t  f ie ld-dependent ind iv idu a ls  are more l i k e l y  to 
employ such a compensatory s t ra tegy  than f ie ld - independents .  The 
quest ion of why MRFT-field-dependent as opposed to GEFT-field- 
dependent ind iv idu a ls  would e x h ib i t  t h i s  behavior meri ts fu r th e r  
study.
GIGRADEs vs. G2GRADEs
The average grade on the 41 randomly selected u n i t  I calculus 
tes ts  was s i g n i f i c a n t l y  higher when the grading took place in the 
grader/s tudent face - to - face  arrangement than when the grading took 
place w i thou t  the student present. This re s u l t  suggests the importance 
o f c a r e fu l l y  monitor ing the ( fa ce - to - fa ce )  grading scheme in the 
calculus course. Apparently a l 1 graders tend to i n f l a t e  grades in the 
face - to - face  s e t t in g  (not j u s t  the high-MRFT graders, as was 
hypothesized). One remedy may be provided by making the a l lo c a t io n  of 
points  so s p e c i f i c  in  the grading manual th a t  the grader is  not qu ite  
as free to make judgments a f fe c t in g  large numbers of po in ts .  In most 
cases such an approach might come as a r e l i e f  to the grader who can 
c i t e  the so lu t ions  manual when an argument ar ises in  the grading 
encounter.
One fu r th e r  note is  in  order. As mentioned above, the 
hypothesized re la t io n s h ip  between MRFT performance and grades in the
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face - to - face  arrangement was not s t a t i s t i c a l l y  s ig n i f i c a n t .  It. is 
poss ib le  th a t  t h i s  lack o f  s ign i f i cance  is  the re s u l t  o f  two
c h a ra c te r i s t i c s  o f  MRFT-field-dependent graders working in tandem. I t
may be tha t  MRFT-field-dependent graders are, in f a c t ,  mere l i k e l y  
than the MRFT-field-independent graders to submit to the pressure of 
the student in  the face - to - face  grading s i t u a t i o n ,  but tha t  t h i s  
e f f e c t  is  attenuated by the f ie ld -dependen t 's  s t r i c t  adherence to the 
grading manual, as an external source o f  informat ion. Further
research is needed to separate these two phenomena in such a way tha t
t h e i r  separate e f fe c ts  can be assessed.
GEFT and MRFT: A Metacomment
The hypothesized associa t ion of GEFT with  the generation o f 
problem so lv ing templates and MRFT with  the se lec t ion  o f problem 
so lv ing  templates is  f a r  from being substant iated. However the 
d i f f e r e n t  co r re la t io n a l  patte rns tha t  have been observed fo r  the MRFT 
and GEFT, together w i th  the d i f f e r e n t  patte rns of s i g n i f i c a n t  e f fe c ts  
observed in the several pa irs  o f GEFT vs. MRFT analyses lend support 
to the not ion th a t  the two measures are not equiva lent.  Indeed the 
p o s s i b i l i t y  ex is ts  th a t  not only do the GEFT and MRFT measure d i f ­
fe re n t  aspects o f cogn i t ive  func t ion ing ,  but each measure may have 
d i f f e r e n t  explanatory power fo r  each o f  the sexes. The suggestion of 
Linn and Kyl lonan (1981) th a t  t h i s  p o s s i b i l i t y  be accounted f o r  in 
studies of f - d / i  is  h e a r t i l y  endorsed.
Questions and Answers
The research quest ions stated in Chapter I w i l l  now be repeated 
w ith  responses suggested by the present study.
Primary Questions
1. What are the e f fe c ts  o f remedial t reatment condi t ions 
(d ia lo g ,  monolog, and c o n t ro l )  cogn i t ive  s ty le ,  and sex upon three 
types o f c r i t e r i o n  measures: post-session quizzes (POSTQ), post-
remedial program tr igonometry achievement t e s t ,  and delayed calculus 
achievement t e s t  (CALCIV) drawing on knowledge o f tr igonometry?
Response. F i r s t  of  a l l ,  the post-remedial program tr igonometry 
te s t  was dropped from a l l  analyses because o f poor r e l i a b i l i t y .  As 
already discussed, GROUP x SEX, GEFT x SEX, GROUP, and SEX e f fe c ts  
were s i g n i f i c a n t  on POSTQ, but not on CALCIV. However, ne i the r  the 
GEFT x GROUP nor MRFT x GROUP e f fe c t  was s i g n i f i c a n t ,  thus f a i l i n g  to 
support a cogn i t ive  s ty le  by treatment e f fe c t .
2. Are the GEFT and MRFT equiva lent as cogn i t ive  s ty le  measures
in producing patterns o f e f fe c ts  o f cogn i t ive  s ty le  and modal i ty of
in s t ru c t io n a l  d e l ive ry  on c r i t e r i o n  measures?
Response. In the analys is  employing the GEFT, SEX x GROUP, GEFT
x SEX, GROUP, and SEX e f fe c ts  emerged as s i g n i f i c a n t ,  whi le  in the 
analysis employing the MRFT only the main e f fe c t s ,  GROUP and SEX, 
emerged as s ig n i f i c a n t .  Thus the GEFT was more se n s i t i ve  to the 
detect ion o f in te ra c t io n  e f fe c ts  in th i s  remedial se t t in g .
3. How are ca lcu lus te s t  scores a f fec ted  by students'  and 
graders'  cogn i t ive  s ty les  and sex?
Response. There was a G1EFT x STUSEX x G1SEX i n te ra c t io n  e f f e c t  
on calculus grades in  the face - to - face  grading arrangement. No such 
e f fe c t  was detected when the MRFT was replaced as the grader cogn i t ive  
s ty le  measure, nor was any such in te ra c t io n  e f f e c t  detected in the 
non-face-to- face grading arrangement. In ne i the r  face - to - face  (Stage 
1), nor non-face-to- face grading (Stages 2 and 3) ,  was there a main 
e f fe c t  o f grader cogn i t ive  s ty le ,  measured e i t h e r  by the GEFT or MRFT.
4. Are the GEFT and MRFT equiva lent as co g n i t ive  s ty le  measures 
in detect ing grader or student e f fe c ts  on ca lcu lus t e s t  scores?
Response. The EFT was useful  in  detect ing the s i g n i f i c a n t  i n t e r ­
act ion (G1EFT x STUSEX x G1SEX) in the face - to - face  grading s i t u a t i o n ,  
whi le the MRFT was useful  in  detect ing a student cogn i t ive  s ty le  main 
e f fe c t  on the u n i t  I t e s t  graded in the s o l i t a r y  s i tu a t io n .
Secondary Questions
1. Are there s i g n i f i c a n t  sex d i f fe rences  present on e i t h e r  
cogn i t ive  s ty le  measure, the course p re te s t ,  or the u n i t  IV ca lcu lus 
test?
Response. No s i g n i f i c a n t  sex d i f fe rences were detected on any 
one o f these measures.
2. Are the same patterns of cogn i t ive  s ty le  e f fe c ts  present in 
both face- to - face  and non- face- to- face grading s i tua t ions?
Response. No. In the face - to - face  s e t t i n g ,  a grader cogn i t ive  
s ty le  (GEFT) x student sex x grader sex i n te ra c t io n  was s i g n i f i c a n t .
In the non face- to - face  s e t t i n g  no grader e f fe c ts  were s ig n i f i c a n t .
3. Are there s i g n i f i c a n t  treatment e f fe c ts  on the u n i t  IV 
ca lcu lus test?
Response. There is  no evidence to support the claim th a t  the 
d i f fe rence  is  s i g n i f i c a n t .
4. Are scores given in the face - to - face  s i t u a t i o n  s i g n i f i c a n t l y  
higher than scores given in the non- face-to- face s i tua t ion?
Response. Yes.
New Questions
When one attempts to suggest quest ions th a t  fo l lo w  l o g i c a l l y  and 
c o n s t ru c t ive ly  along the l ines  establ ished by p r i o r  research, one is 
o ften best advised to begin by t r y in g  to answer some old quest ions 
w ith  data suppl ied by new subjects or analyzed by d i f f e r e n t  tech­
niques. The grader cogn i t ive  s ty le  x student sex x grader sex i n t e r -  * 
act ion observed in  the present study was c e r ta in l y  i n t r i g u in g .  How­
ever because of small unbalanced c e l l s ,  i t  should be in te rp re ted  with  
caut ion. A r e p l i c a t i o n  study might e n l i s t  a la rge r  number o f subjects 
and employ b locking techniques so th a t  c e l l s  would be balanced and 
moderately large. Such methodology would g re a t ly  enhance the v a l i d i t y  
o f  a s t a t i s t i c a l l y  s i g n i f i c a n t  f ind ing .
Another question th a t  warrants de ta i led  study involves the claim 
made by the in ve s t ig a to r  th a t  the EFT co r re la tes  w ith  the a b i l i t y  to 
generate possible so lu t ions  or templates to a problem s i t u a t i o n ,  whi le 
the RFT cor re la tes  more w ith  the a b i l i t y  to se lec t  product ive so lu t ions 
from among a l i s t  inc lud ing  s a l i e n t ,  but nonproduct ive ones. The 
present s e t t in g  was fa r  too "overnourished" to t e s t  out such a claim.
I t  seems reasonable tha t  problem so lv ing ap t i tude  measures could be 
constructed ( f o r  some area o f mathematics) in such a way th a t  the two 
s k i l l s  o f "p o te n t ia l  so lu t ion  generat ion" and " c o r re c t  se lec t ion  of
16 i
ava i lab le  p o te n t ia l  so lu t ions"  might be separated. A study could then 
be designed to te s t  the hypothesis regarding the explanatory value o f 
the EFT and RFT fo r  these two s k i l l s .
F in a l l y ,  exp lo ra to ry  studies seem to be warranted which i d e n t i f y  
a c t i v i t i e s  f o r  which a ce r ta in  f ixed  level o f performance in one o f 
the f - d / i  measures p red ic ts  s i g n i f i c a n t l y  d i f f e r e n t  performance by men 
and women. The generat ion of a class o f  a c t i v i t i e s  sharing th i s  
common c h a r a c te r i s t i c  might help g re a t ly  in the generation of 
hypotheses regarding the cogn i t ive  processes which are funct ions of 
one's p o s i t io n  on the f - d / i  continuum as wel l  as one's sex.
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SCATTERGRAMS FOR SELECTED PAIRS OF 
VARIABLES RELEVANT TO EXPERIMENT I
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Figure A - l . Scattergram o f  MRFT ( v e r t i c a l )  vs. GEFT (h o r i z o n ta l ) ,  e n t i r e  remedial group
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Figure A-2. Scattergram o f  POSTQ ( v e r t i c a l )  vs. GEFT (h o r i z o n ta l ) ,  e n t i re  remedial group.
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F -i j u r e  A~3, Scattergram o f  POSTQ ( v e r t i c a l )  vs. MRFT (h o r i z o n ta l ) ,  e n t i re  remedial group.
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Figure A-4. Scattergram o f  CALCIV ( v e r t i c a l )  vs. GEFT (h o r i z o n ta l ) ,  e n t i r e  remedial group. ^
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Figure A-5. Scattergram o f  CALCIV ( v e r t i c a l )  vs. MRFT (h o r i z o n ta l ) ,  e n t i re  remedial group.
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Figure A-6. Scattergram of MRFT ( v e r t i c a l )  vs. GEFT (h o r i z o n ta l ) ,  remedial women.
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Figure A-7. Scattergram of POSTQ ( v e r t i c a l )  vs. GEFT (h o r i z o n ta l ) ,  remedial women.
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Figure A-8. Scattergram o f  POSTQ ( v e r t i c a l )  vs. MRFT (h o r i z o n ta l ) ,  remedial women.
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F igure A-9. Scattergram o f  CALCIV ( v e r t i c a l )  vs. GEFT (h o r i z o n ta l ) ,  remedial women. CO
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Figure A-10. Scattergram o f  CALCIV ( v e r t i c a l )  vs. MRFT (h o r i z o n ta l ) ,  remedial women. £
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Figure A - l l . Scattergram o f  MRFT ( v e r t i c a l )  vs. GEFT (h o r i z o n ta l ) ,  remedial men.
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Figure A-12. Scattergram o f  POSTQ ( v e r t i c a l )  vs. GEFT (h o r i z o n ta l ) ,  remedial men.
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Figure A-13. Scattergram o f  POSTQ ( v e r t i c a l )  vs. MRFT (h o r i z o n ta l ) ,  remedial men.
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3  0 0
P l o t t e d  v a l u e s
4 . 5 0  6 . 0 0
9 3
7 . 5 0  9  0 0  1 0 . 5 0  1 2 . 0 0
E x c l u d e d  v a l u e s -  0
1 3 . 5 0  1 5 . 0 0  1 6 5 0  18 0 0
M i s s i n g  v a l u e s  -  - 7
Figure A-14. Scattergram o f  CALCIV ( v e r t ic a l )  vs. GEFT (h o r iz o n ta l) ,  remedial men. <D
6 . tO 1 0 . 3 0  1 4 . 5 0  1 8 . 7 0  2 2 . 9 0  2 7 . 1 0  3 1 . 3 0  3 5 . 5 0  3 9 . 7 0  4 3 . 9 0
+ ------------------4 ----4 ------------4 -----------4 --------------------4 --+ --------------------4 --4 --------------------4 --4 ------------ 4 ----------4 ------------ 4 ----------4 ------------ 4 ----------4  -  -  -  -  * ------------ 4 ------------♦ --------
9 8  0 0  ♦ * + 9 8  0 0
•  *
1 9 . 6 0  ♦ •
0 . 0 0  ♦
4 -------
4 0 0
P l o t t e d  v a l u e s
♦ 6 8  6 0
8 . 2 0  1 2 . 4 0
9 3
16 6 0  2 0  8 0  2 5 0 0  29  2 0
E x c l u d e d  v a l u e s -  0
33  4 0  37  6 0  4 1 . 8 0  46  0 0
M i s s i n g  v a l u e s  -  7
Figure 15-A. Scattergram o f CALCIV ( v e r t ic a l )  vs. MRFT (h o r iz o n ta l) ,  remedial men.
APPENDIX B 
PRESESSION AND POSTSESSION QUIZZES
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PRE-I Name:
Ins tru c tio n s: ( I )  Leave answers In Ir ra t io n a l form; fo r  example, 9tt/ 2  */3 / 2  are
acceptable answers. Don't waste time find ing  decimal approxi­
mations to * ,  /2  e tc .
(2 ) Do a l l  work on th is  paper.
(3 ) There's a clock 1n th is  room. Give yo u rse lf no more than 10
minutes to work on these questions.
(4 ) Don't re fe r  to any notes as you do-these questions.
1. S tate the Pythagorean Theorem as 1 t applies to the fo llow ing  tr ia n g le .
Note: The symbol L _  represents a 
rig h t angle (90°)
. Find the length o f side a 1n the r ig h t tr ia n g le  below.
3. D efine: Isosceles r ig h t t r ia n g le .
4 . Find the length o f side P 1n the r ig h t tr ia n g le  below.
Define: acute angle.
(continued on other side)
26. Find the length o f side t  1n the r ig h t tr ia n g le  below.
m
7. What is  the formula fo r  the circumference o f a c irc le  o f radius R7
8 . What Is  the circumference o f  a c ir c le  w ith radius equal to  7 Inches?
9. Id e n tify  the angle (1n degrees) th a t subtends (cu ts) an arc o f length w/6 
on the u n it c ir c le .
10. Find the coordinates o f poin t P 1n the fo llow ing  diagram.
PRE-2 Name:
I n s t r u c t i o n s :  ( 1 )  Leave answers in  i r r a t i o n a l  fo rm ; f o r  exam ple ,  W 2  / 3 / 2  a re
a c c e p t a b le  answers . D o n ' t  waste t im e  f i n d i n g  decim al a p p r o x i ­
m at io n s  to  tt, / 2  e t c .
( 2 )  Do a l l  work on t h i s  p a p e r .
( 3 )  T h e r e 's  a c lo c k  in  t h i s  room. Give y o u r s e l f  no more than 10
m inu tes  to  work on th e s e  q u e s t io n s .
( 4 )  D o n ' t  r e f e r  to  any n o tes  as you do th ese  q u e s t io n s .
1 .  What do we mean when we say t h a t  an a n g le  i s  in  s ta n d a rd  p o s i t io n ?  (Use a 
d ia g ra m  i f  you w an t t o . )
2 , 3 .  What i s  th e  a p p ro x im a te  measurement o f  a n g le  A ( i n  d e g re e s )  in  each o f  th e  
f o l l o w i n g  diagram s?
Answer: Answer:
4 .  C o n v e r t  tt/ 4 r a d ia n s  to  de g ree  measurement.
5 .  C o n v e r t  135° to  r a d ia n  measurement.
(more ques t ions  on the o th e r  s i d e . . . )
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PRE-2 Page 2
t r i g  fu n c t io n s  o f  a n g le  t  i n  terms
F in d :  s in  ir /4
s in  t  = 
cos t  = 
ta n  t  =
1 0 .  F in d : ta n  150°
PRE-3 Name: ______________________________________________
I n s t r u c t i o n s :  ( 1 )  Leave answers in  i r r a t i o n a l  fo rm ; f o r  exam ple ,  9 ^ /2  / 3 / 2  a re
a c c e p ta b le  answ ers .  D o n ' t  waste t im e f i n d i n g  decim al a p p r o x i ­
m ations to  ir, /Z  e t c .
( 2 )  Do a l l  work on t h i s  p aper .
( 3 )  T h e r e 's  a c lo c k  in  t h i s  room. G ive  y o u r s e l f  no more than 10
m inutes to  work on th ese  q u e s t io n s .
( 4 )  D o n ' t  r e f e r  to  any notes as you do th ese  q u e s t io n s .
( 5 )  TRY to  do y o u r  b e s t !
1 , 2 , 3 .  F i l l  i n  th e  b lan k s  w i t h  something t h a t  makes th e  s ta te m e n t  c o r r e c t .
s i n 2 t  +  _______________= 1
1 + _______________ = sec2t
s i n ( - t )  = _________________
4 .  Name one v a lu e  o f  x where th e  f u n c t io n  y  = tan  x is  no t d e f i n e d .
5 .  M u l t i p l y  and s i m p l i f y  ( t h e  o n ly  t r i g  fu n c t io n  in v o lv e d  in  y o u r  answer should  
be s in  x ) :
cos y  ( t a n  y  -  sec y )
(More quest ions on the o th e r  s i d e . . . )
198
PRE-3
6 .  Expand and s i m p l i f y :
. 2( s i n  x + cos x)
7 .  Prove th e  f o l l o w i n g  i d e n t i t y :
1 + cos e + s in  e _ cos 9 + 1 
s in  e cos e s in  e cos e
8 .  The p e r io d  o f  th e  s in e  f u n c t i o n  is   
9 .  The p e r io d  o f  th e  ta n g e n t  f u n c t i o n  is
10 .  G ive  a rough s k e tc h  o f  th e  f u n c t i o n :
, . f ( x )  = cos 2x











Leave answers to  n u m e ric a l  problems in  i r r a t i o n a l  form ; f o r  
example ( , 5 + / T ) / v 6  i s  a p e r f e c t l y  a c c e p ta b le  form : d o n ' t
w aste  t im e  f i n d i n g  decim al a p p ro x im a t io n s  to r ,  / 2  e t c .
Do a l l  work on t h i s  p a p e r .
T h e r e 's  a c lo c k  in  t h i s  room. Give y o u r s e l f  no more than in  
m inutes to  work on th ese  q u e s t io n s .
D o n ' t  r e f e r  t o  any n o tes  as you do th e s e  q u e s t io n s .
T ry  to  do y o u r  b e s t !
F ILL IN THE BLANKS WITH SOMETHING THAT MAKES THE RESULTING STATEMENT A USEFUL 
IDENTITY.
1 .  cos(A  -  B) = __________________________________________________________________________
2 .  s in ( A  + B) =
3 .  ta n (A  + B) =
4 .  s in  2A =
5.  cos 2A =
(More quest ions on the o th e r  s i d e . . . )
PRE-4 2
6 .  I f  A is  an a c u te  a n g le ,  and cos A = 3 / 5 ,  c a l c u l a t e  s in  2A. (H IN T:  
a p i c t u r e . )
7 .  Use one o f  th e  i d e n t i t i e s  on th e  o t h e r  s id e  o f  t h i s  page to  c a l c u l a t e
8 .  F in d :  cos 15°
9 .  Prove th e  i d e n t i t y :   ^ + - C° o  29 = c o t  es in  Ze
draw
s in  7 5 °.
1 0 . S olve  th e  e q u a t io n  f o r  A in  th e  i n t e r v a l  [ 0 , 2 t t ):
s in  2A + co s2A = 0
PRE-5
INSTRUCTIONS: (1 )  Graphs need not be exact. A good sketch ’v.dlY do. Don't waste
t in e  p lo tt in g  a lo t  o f poin ts .
21 Do a l l  your work on th is  paper.
3) There’ s a clock In  th is  room. Give yo u rse lf no more than 10 
minutes fo r  these 10 questions.
4) Don't re fe r  to  any notes as you do these auestlons.
5) T t o  do your bestl
3 . Given th a t f ( x )  ■ 2x ♦  1 , f in d  a formula fo r  f _1( x ) .
4 . Give an example o f  a one-to-one fu nctio n .
I .  f  -  ( ( 1 ,2 ) .  ( 3 ,5 ) ,  ( 2 ,8 ) ,  ( 4 .3 ) )
2 . Below you see a graph o f  function g . Draw g*1 on the same set o f  axes.
- - 5
-5 5




5 . Graph: y  •  Arc sin  x .
6 . Graph: y ■ Arc cos x.
7 . Graph: y  ■ Arc tan x.
8 . Find: Arc sin  ( -
9 . Find: Arc cos ( ^ )








- - « /4
■ - t / 2
■ « /Z
1 1 1 1 i i
- 3  - 2  -1
— i — -| j
1 2 3
- - i / 4
- - * / 2
POST-I Name:______________________________________
Ins tru ction s: (1 ) Leave answers 1n Irra tio n a l form; fo r example, 9ir/2 / 3 / 2 are
acceptable answers’! Don't waste time fin d in g  decimal approxi­
mations to tt,  /2  e tc .
(2 ) Do a l l  work on th is  paper.
(3 ) There's a clock 1n th is  room. Give yo u rse lf no more than 10
minutes to work on these questions.
(4 ) Don't re fe r  to any notes as you .do these questions.
1. S tate the Pythagorean Theorem as I t  applies to the fo llow ing  tr ia n g le .
Note: The symbol k _  represents a
A y \ T  r ig h t angle (90°)
2. Find the length o f side a 1n the r ig h t tr ia n g le  below.
3. Define: Isosceles r ig h t tr ia n g le
4. Find the length o f side T 1n the r ig h t tr ia n g le  below.
T
5. Define: acute angle
(continued on other s'*-4- '
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POST-I 2
6 . Find the length o f side n 1n the r ig h t tr ia n g le  below.
7. What 1s the formula fo r the circumference o f  a c ir c le  o f radius R?
8 . Find the circumference o f a c ir c le  w ith  radius equal to 9 cm.
9 .  Id e n tify  the angle ( in  degrees) th a t subtends (cu ts ) an arc o f length tr/4 
on the u n it c irc le .
10. Find the coordinates o f po in t P in the fo llo w in g  diagram.
y
POST-2 Name: ____________________________________
Ins tru ction s: (1 ) Leave answers fn Ir ra t io n a l form; fo r  example, 9 * /2  v f /2  are
acceptable answers^ Don't waste time find ing  decinal approxi­
mations to  i t ,  /2  e tc .
(2 ) Do a l l  work on th is  paper.
(3 ) There's a clock In th is  room. Give yo u rse lf no more than 10
minutes to work on these questions.
(4 ) Don't re fe r  to  any notes as you do these questions.
1. Define: standard position  o f  angle t  (use a diagram I f  necessary).
2 ,3 . What 1s the approximate measurement o f angle A (1n degrees) ir. each o f the 
fo llow ing diagrams?
Answer:Answer:
4 . Convert 2n/3 radians to degree measurement.
5. Convert 120° to radian measurement.
(more questions on the o ther s id e . . . )
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POST-2 Page 2
6 ,7 ,8 .  The coordinates o f poin t P are ( x .y ) .  Find the values o f the fo llow ing  
t r ig  functions o f angle t  in terms o f the coordinates o f P.
Find: cos 240°
sin t  «
cos t  «=
tan t  =
10. F ind : tan  ir/6
POST-3 Name: ________________________________________
Ins tru ction s: (1 ) Leave answers 1n Ir ra t io n a l form; fo r  example, 9x /2 /3 /2  are
acceptable answer!^ don't waste time find ing  decimal approxi­
mations to ir, /2  e tc .
(2 ) Do a l l  work on th is  paper.
(3 ) There's a clock 1n th is  room. Give yo u rse lf no more than 10
minutes to work on these questions.
(4 ) Don't re fe r  to  any notes as you do these questions.
(5 ) TRY to do your best!
1 ,2 ,3 . F i l l  1n the blanks w ith something th a t makes the statement co rrec t.
______________  + cos^t = 1
1 + co t^ t =>
c o s (- t )  =
4. Name one value o f x where the function y * tan x is not defined.
5. M u ltip ly  and s im p lify  (the only t r ig  function involved in your answer should 
be cos x ):
sin  y (cot y -  esc y)
(More questions on the other s i d e . . . )
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POST-3
6. Expand where necessary and s im p lify :
2 2(tan  x + cot x) -  cot x
7 . Prove the fo llow ing  Id e n tity :
sec x -  sin  x tan x = cos x
8 . The period o f the cosine function is
9. The period o f the tangent function  is
10. Give a rough sketch o f the function:
f (x )  = cos 2x
POST-4  NAME:______________________________________
Ins tru ction s: (1 ) Leave answers to numerical problems 1n ir ra t io n a l form; fo r
example (</2+ / 3)/</6 is a p e rfe c tly  acceptable form: don't 
watte time fin d in g  decimal approximations to ir, /2  e tc .
(2 )  Do a l l  work on th is  paper.
(3 ) There's a clock in th is  room. Give yo u rse lf no more than 10 
minutes to  work on these questions.
Don't re fe r  to any notes as you do these questions.
Try to do your best!!!1
FILL IN THE BLANKS WITH SOMETHING THAT MAKES THE RESULTING STATEMENT A USEFUL 
IDENTITY.
1. cos(A + B) «
2. s1n(A -  B) =
3. tan(A -  B) »
4. sin 2A »
5. cos 2A =
(More quest ions on the o th e r  s i d e . . . )
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POST-4 2
6. I f  A Is  an acute angle and sin A * 5 /1 3 , fin d  sin 2A.
7. Use one o f the id e n tit ie s  on the other side o f th is  page to ca lcu la te  sin 15°.
8 . Find: cos 75°
9. Prove the id e n tity :  = tan 0
10. Solve the equation fo r A in  the in te rva l [0 ,  2u):
sin 2A + c o s 2 A  = 0
BEFORE YOU BEGIN, READ THE INSTRUCTIONS 
CAREFULLY!!
POST-5 NAME:_______________ ________________________
Graphs need not be exact. A good sketch w il l  do. Don't waste time 
p lo tt in g  a lo t  o f poin ts.
Do a l l  your work on th is  paper.
There's a clock 1n th is  room. Give yo u rse lf no more than 10 minutes 
fo r  these 10 questions.
Don't re fe r  to  any notes as you do these questions.
Do your best!
When you have completed the problems on th is  paper, detach 1 t from 
the o ther pages and give I t  to  the lab  a s s is ta n t, then proceed with  
th esu m m ar^ g o s t-tes t^ -11_ 1 s_ Imgeratl ve_ that_^ou_ tr^ .^ o u rb e s  t_on_11|__
1• f  -  ( ( 8 ,9 ) ,  (9 ,1 0 ) ,  (9 ,1 1 ) ,  (9 ,1 2 )}




is**** (fi, ++++-+ VD
- -1
- -  - 2
3. Given th a t f ( x )  *  9x -  7 , fin d  a formula fo r  f ’ ^ (x ).
4 . Give an example o f a function th a t Is  NOT one-to-one.




5. Graph: y  ■ Arc sin  x.
-- -w/4 
- - w / 2
6. Graph: y ■ Arc cos
7. Graph: y  ■ Arc tan
8 . Find: Arc sin ( - j )
9. Find: Arc cos ( -






The raw data used in  the analyses f o r  Experiment I are given in  
th i s  appendix. The var iab les  and codes corresponding to the given 
columns o f  data are provided below. Codes fo r  missing data are also 
given. I t  should be noted th a t  the missing data codes have been used 
in  those cases where the given var iab le  was not app l icab le .  For 
example, a student whose experimental  group code is  7 (column 2),  
w i l l ,  by d e f i n i t i o n ,  have missing data codes in  columns 12-21, since 
th a t  student was not requi red to take any o f  the pre- or postsession 
quizzes.
Column Var iables and Codes
1. Student I d e n t i f i c a t i o n  Number
2. Experimental Group
1 = Dialog w ith  presession quizzes
2 = Dialog w ith  no presession quizzes
3 = Monolog w ith  presession quizzes
4 = Monolog w ith  no presession quizzes
5 = Control  w ith  presession quizzes
6 = Control  w ith  no presession quizzes




3 = Jun io r
4 = Senior
5 = Graduate Student
6 = Special Student 
9 = Missing datum
4. College
1 = D iv is ion  o f Continuing Education
2 = L i fe  Science and A g r icu l tu re
3 = L ibera l  Arts
4 = Engineering and Physical Sciences
5 = Graduate School
6 = Health Studies
7 = Thompson School
8 = Whittemore School (Business)





6. Pre test:  algebra subtest score
7. Pretest :  t r igonometry subtest score
8. Group Embedded Figures Test score
9. M in ia tu r ized  Rod and Frame Test score
99 = Missing datum
10. Tr igonometry program p os t tes t  score (dropped from a l l
analyses due to  poor r e l i a b i l i t y )
99 = Missing datum
11. Uni t  IV ca lcu lus te s t  score
999 = Missing datum
12. Presession 1 quiz
13. Postsession 1 quiz
14. Presession 2 quiz
15. Postsession 2 quiz
16. Presession 3 quiz
17. Postsession 3 quiz
18. Presession 4 quiz
19. Postsession 4 quiz
20. Presession 5 quiz
21. Postsession 5 quiz
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51 7 1 4 -■> 10 7 13 5 99 9 5 99
52 7 T 4 *7 0 11 17 8 9 9 9 9 9 99
53 4 3 0 n 14 5 10 10 8 9 9 9 9 9
54 4 T -7 *7 15 0 18 2 0 6 75 9 9
55 3 *7 o 1 9 3 4 26 1 73 1
5 A 7 1 n 1 19 0 15 12 99 05 99
57 5 1 3 ' i 14 4 16 a 8 8 3 3
58 6 1 3 n 9 7 13 17 8 8 9 99
59 3 1 0 n 9 4 9 10 3 86
60 1 2 o 6 1 14 2 5 3 7 0 1
61 1 1 a *7 20 6 12 30 5 6 3 6
62 ' i 3 1 17 n 0 35 11 0 0 99
63 4 1 -■> *7 14 i 15 1 9 5 5 5 99
64 1 3 1 13 7 1 7 9 9 9 31 99
65 1 3 0 O 14 4 10 12 4 64 1
66 3 1 n 1 14 3 0 13 3 56 o
67 2 1 3 T 14 5 15 'lO 8 76 9 9
60 7 3 O 13 ~j 17 10 99 5 7 99
69 4 1 4 O 18 6 13 30 4 65 99
70 1 1 4 n 17 5 15 o o 10 45 9
71 5 1 4 n 15 6 14 7 7 49 4
72 4 0 1 9 0 12 2 2 crU 85 99
73 5 1 3 1 0 4 9 99 99 9 9 9 3
74 4 1 4 o 12 10 12 6 9 9 9 99
75 3 1 4 o 12 4 17 cr«J 9 51 9
76 7 1 2 1 '•) "> 10 10 11 99 o n 99
77 1 1 4 ') 16 3 16 9 9 5 0 9
70 7 1 -) 1 16 7 11 25 9 9 66 99
79 4 1 3 2 17 u 13 9 6 70 99
(30 7 1 4 1 16 7 13 30 9 9 79 99
01 6 1 3 *7 13 4 15 14 0 0 99
82 7 1 n 1 2 2 0 14 12 99 86 99
03 1 1 3 1 12 3 0 23 3 74 5
04 2 1 3 o 1 4 o 13 10 7 79 99
85 u 4 1 1 5 5 12 15 11 90 o
06 4 1 3 T 14 9 17 4 10 59 99
07 7 1 n 1 1 7 7 17 10 99 74 99
00 o 1 n ■7 10 6 3 20 7 64 99
09 o 1 6 1 19 4 17 14 9 70 99
90 3 2 13 5 17 4 5 91 6
91 1 1 1 2 12 3 15 13 6 40 0
92 1 1 0 T a 5 16 12 0 62 6
93 7 1 •i 2 17 7 1 4 0 99 90 99
94 2 1 2 2 1 4 3 1 6 27 7 6 4 99
95 7 1 3 15 0 9 9 9 9 01 99
96 7 o o 14 7 15 2 7 99 23 99
97 7 1 n 1 23 10 17 6 99 9 5 99
9(3 7 1 4 ' i 1 1 0 13 9 99 61 99
99 3 0 *7 20 4 6 10 4 7 7 C.1
1 00 4 4 4 16 er 16 18 5 9 3 9 9
9 9 9 9 9 9
9 9 9 9 9 9
9 9 9 9
1 0 9 9 9
6 O 0
9 9 9 9 9 9
3 3 3




9 9 9 1 0
7 9 9 9
9 9 9 9 9 9
7 1 *7
0 n 6
1 0 9 9 f ,
9 9 9 9 9 9
9 9 9 0
1 0 7 0
4 4 4
9 9 9 9
3 3
9 9 9 7
1 0 7 1 0
9 9 9 9 9 9
1 0 1 0
9 9 9 9 9 9
9 9 9 7
9 9 9 9 9 9
4 9 9 3
9 9 9 9 9 9
1 0 Cvj
7 9 9 1 0
3 7 8
0 9 9 9
9 9 9 9 9 9
4 9 9 4
1 0 9 9 1 0
7 4 7
1 0 4 9
1 0 ■j 6
9 9 9 9 9 9
1 0 9 9 9
9 9 9 9 9 9
9 9 9 9 9 9
9 9 9 9 9 9
9 9 9 9 9 9
1 0 7 9
9 9 9 1 0
9 9 9 9 9 9
9 9 9 9 9 9
9 9 CvJ 9 9
9 9 9 9 9
1 5 0
9 9 9 9 9 9
5 O 0




9 9 7 9 9
9 9 4 9 9
9 9 9 9 9 9
0 1 0
n 7 0
9 9 5 9  9
9 9 9 9 9 9
9 9 7 9 9
5 7 0
3 3 0
9 9 5 9 9
9  9 9 9 9 9
9 9 7 9 9
7 4
9 9 9 9 9 9
"7 6 0
9 9 9 9 9  9
9 9 4 9 9
9 9 9 9 9 9
9 9 0 9 9
9 9 9 9 9 9
0 6 0
9 9 1 9 9
f, 3 0
9 9 "7 9 9
9 9 9 9 9 9
9 9 3 9 9




9 9 9 9 9  V
9 9 n 9  9
9 9 9 9 9 9
9 9 9 9 9 9
9 9 9 9 9 9
9 9 9 9 9  9
1 1 0
9 9 9 9 9
9 9 9 9 9 9
9 9 9 9 9 9
9 9 5
7 9 9 9
6 0 3
9 9 9 9 9 9
0 1 1
0 9 9 0
7 0 2
vJ 0 ' i
1 0 1 o
9 9 9 1 0
' ) 9 9 1
9 9 9 9 9 9
4 0 3
4 1 3
5 9 9 5




n 9 9 4
9 9 9 9 9 9
7 9 9 2,
9 o 7
9  9 9  9 9 9
3 1 . 1
9 9 9 9 9  V
0 9 9 6
9  9 9 9 9 9
0 9 9 0
9 9 S’ 9 9 9
4 0 0
7 9 9 6
0 0 0
7 9 9 0
9 9 9  V 9 9
n 9 9 2
9 9 9 4
0 o 3
r
. » 0 5
7 1 5
9 9 9 9 9 9
0 9 9 5,
9 9 9 9 9 9
9 9 9 9 9 9
9 9 9 9 9 9
9 9 9 9 9 9
4
9 9 9 6
r o
101 3 3 3 19 6 18 8 7 8 5 7
102 3 1 9 1 1? 6 7 11 7 70 8
.103 4 1 3 9 9  9 4 17 2 7 7 98 99
104 6 1 O o 19 5 18 1 3 5 52 99
105 3 1 3 *■) 14 9 i  1 35 8 71 4
106 4 1 n *7 16 3 13 7 9 71 99
107 6 6 i o 1 2 9 15 16 6 79 99
108 3 i 1 14 3 17 16 6 61 4
10? 1 1 -> •*> 18 6 13 23 12 85 6
n o 1 1 i 7 5 12 5 3 45 4
111 4 1 n 1 18 5 8 17 8 46 99
112 n o o 1 18 0 16 8 8 41 9 9
113 i 1 O 1 18 6 10 19 4 63 6
114 4 1 8 n 16 4 6 22 8 70 99
115 6 1 n 1 4 3 10 14 5 45 99
116 n 1 n n 10 1 16 7 7 68 99
117 7 1 4 n 13 8 9 26 99 9 9 9 99
118 6 1 4 n 9 0 10 27 9 9 99 99
119 3 1 0 1 16 5 12 2 8 9 78 4
120 7 1 rt 1 17 7 10 12 99 91 99
121 4 1 o n 1 0 3 16 1 1 3 63 99
1  T - l 1 1 '1 1 1 1 4 1 6 1 3 6 91 5
123 7 1 o 2 0 7 I B 1 1 99 94 99
124 7 1 3 1 1 4 7 15 6 99 65 99
125 4 '"I 4 T 17 1 16 16 6 8 0 99
126 3 1 3 T 16 3 18 7 15 4
127 6 1 O 1 9 5 17 14 1 4 79 99
128 1 1 8 O 10 6 17 21 7 37 8
129 3 1 3 'n 17 1 14 13 7 72 8
130 6 1 3 2 1 1 9 10 12 4 81 99
131 7 1 n 9 1 6 7 14 1 2 99 99
132 1 2 3 9 1 4 5 1 6 19 5 8 6 6
133 5 1 3 1 18 5 1 7 12 8 74 6
134 6 1 a 1 1 5 5 4 21 5 73 99
135 7 1 3 n 9  9 8 18 12 99 91 99
136 4 1 ■1 ') 1 6 4 9 8 1 2 8 5 99
137 7 3 9 13 7 12 9 99 8 8 99
138 1 1 4 9 2 0 6 1. U 14 5 70 7
139 5 ' I 0 9 21 3 14 10 4 9 9 9 6
140 5 3 n 1 1 0 4 17 10 5 81 3
141 7 1 4 1 12 7 10 12 99 76 99
142 7 2 3 1 16 8 18 33 99 87 9?
143 'i 1 4 2 18 6 9 1 6 9 72 99
144 u n 4 9 14 3 1 7 1 1 5 67 1
145 n l 3 1 13 5 18 19 8 9 '> 99
146 n n 8 1 10 9 12 30 9 5 7 99
147 7 i 3 1 1 1 7 14 7 99 48 99
146 3 i 6 1 17 9 18 10 7 6 8 7
149 6 i '■> 1 20 3 1 6 49 8 94 99
150 1 *■) 9 14 3 15 17 6 9 6 7
8 8 8 6 9 1 C 3 6
1 0 8 9 . j 7 0 crJ T 3
1 0 9 9 9 9 9 5 9 9 O 9 9 4
9 ? CJ 9 9 n 9 9 0 9 9 0
1 0 6 1 0 0 3 0 0 0 5
5 9 9 8 9 9 B 9 9 9 9 9 6
5 9 ? 5 9 9 3 9 ? 0 9 9 0
1 0 n 1 0 0 7 0 6 0 5
9 7 8 1 1 0 8 1 0 0 9
8 i 6 0 n 0 3 n 3
1 0 9 9 1 0 9 9 6 9 9 N 9 9 4
1 0 9 9 1 0 9 9 4 9 9 cr 9 9 8
9 4 8 3 7 0 8 0 5
8 9 ? 7 9 9 7 9 9 9 9 ? 7
4 9 9 3 9 9 1 9 9 0 9 ? 0
9 9 9 9 9 9 8 9 9 8 9 9 6
9 9 9 9 9 9 9 9 9 9 9 9 9  9 9 9 9 9
6 9 9 3 9 9 1 9 9 0 9 9 1
7 3 8 2 5 0 1 1 3
9 ? 9 ? 9 9 9 9 9 9 9 9 9 9 9 9 9 9
7 9 9 9 9 9 1 9 9 2 9 9 1
8 6 9 n 6 0 0 0 S
9 ? 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
1 0 9 ? 1 0 9 9 7 9 9 7 9 9 3
9 o 9 1 7 0 0 4
5 9 9 8 9 ? 4 9 9 0 9 9 3
1 0 7 8 o 5 0 5 0
8
C~ 7 8 6 0 1 0 0 6
3 9 9 3 9 ? 1 9 9 0 9 9 0
9 9 9 9 99 99 99 9 9 99 99 99
1 0 3 8 6 6 0 f , 0 /
6 9 8 ■? 7 1 6 1 1
vJ 99 4 99 f , 99 0 99 2
99 99 99 9 9 9 9 99 99 99 99
8 99 9 99 6 99 6 9 9 9
9 9 9 ? 9 9 9 9 9 9 9 9 9 9 9 9 9 9
1 0 8 1 0 4 0 4 1 5
7 3 3 1 0 . 0 0 0
3 o 3 0 1 0 0 0 0
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
9 9 9 9 9 ? 9 9 9 9 9 9 9 9 9 9 9 9
10 9 9 8 9 9 9 99 9 9 9 12 6 6 0 0 0 0 1 1
1 0 9 9 1 0 9 9 3 9 9 8 9 9
a 9 9 4 9 9 3 9 9 1 9 9 -■>
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
1 0 3 1 0 4 9 0 5 0 3
7 9 ? 0 9 9 9  9 0 9 9 -1
1 0 u 1 0 6 0 3 9 9 7
8L
2
151 4 3 n 12
152 4 'T n 6
153 5 4 n  9
154 5 4 9 19
1 55 n 6 n 16
156 6 4 9 13
157 5 o n 16
158 3 1 n 13
159 7 1 19
160 7 4 9 1 1
161 wj 1 9 1 4
1 62 7 4 1 10
163 1 3 9 15
164 o o 1 20
165 3 3 1 16
166 3 3 1 9
167 7 6 1 o  9
168 6 3 1 14
1 69 3 3 o 13
1 70 7 4 9 1 3
171 7 3 1 10
172 n •y 1 3
I 73 7 3 1 24
174 7 0 9 19
175 9 '"I 9 12
176 9 8 9 12
177 9 a 9 18
178 6 3 1 14
1 79 4 3 ' ) 1 1
1 80 7 3 1 19
101 6 6 1 3
182 4 8 1 16
183 9 O 1 11
184 w> O 1 12
185 l 3 1 3 2
186 3 O 9 17
187 '■> n 1 9
1 8 8 3 3 1 19
189 9 1 'T 36
190 6 4 2 9
191 O 0 n 16
192 5 4 9 4
193 7 4 2 18
194 6 7 *•) 1 0
1 95 7 4 9 16
14 3 2 6 74 9 9
9 7 9 40 9 9
17 24 7 5 9 7
17 6 7 9 0 7
17 17 4 70 99
17 12 4 6 2 9 9
9 36 5 45 6
16 21 9 9 9 9 crxj
18 10 99 9 2 9 9
6 1 1 99 80 99
14 9 4 43 6
17 20 99 72 9 9
16 9 8 0 3 7
I B 10 8 8 7 99
15 15 10 77 6
1 3 n 9 6 62 4
17 8 99 75 99
7 26 9 66 99
10 32 10 9 2 6
38 7 99 83 9 9
18 17 99 92 99
7 6 6 11 99
18 9 99 100 99
U 24 99 97 99
1 6 23 1 56 99
18 7 O 49 99
17 8 8 91 99
15 9 4 9 9 9 99
14 24 26 99
17 10 99 91 99
6 40 4 61 99
14 8 8 49 9 9
14 6 n 53 9 9
I B 9 28 3
18 21 8 8 2 6
18 15 7 6 0 5
11 12 5 66 99
16 15 7 37 0
16 11 6 91 99
17 7 u 77 99
16 15 3 66 99
12 9 ^ 6 00 5
1 7 16 9 9 75 99
9 9 5 49 99

























































































9 9 7 9 9
9 9 5 9 9
5 5 0
6 6 0
9 9 6 9 9
9 9 3 9 9
7 4 1
5 6 0
9 9 9 9 9 9
9 9 9 9 9 9
1 1 0
9 9 9 9 9 9
O 9 0
9 9 9 9 9
6 8 0
4 0
9 9 9 9 9 9
9 9 1 9 9
7 6 0
9 9 9 9 9 9
9 9 9 9 9 9
9 9 9 9 9
9 9 9 9 9 9
9 9 9 9 9 9
9 9 3 9 9
9 9 c:. ) 9 9
9 9 a 9 9
9 9 i 9 9
9 9 3 9 9
9 9 9  9 9 9
9 9 0 9 9
9 9 •y 9 9




9 9 *■> 9 9
1 7 0
99 9 9 9
9 9 1 99
99 6 9 9
0 0 0
9 9 9 9 9 9
9 9 0 9 9









99 99 9 9
99 99 9 9
0 0 0










7 9 9 6
99 99 99
99 99 99
O 9 9 4
c> J 99 3
0 9 9 6
0 99 0
7 99 5



















The raw data ued in  the analyses fo r  Experiment I I  are given 
below, fo l lo w ing  a d e sc r ip t io n  o f  the var iab les  and codes corres­
ponding to the various columns o f  data. There were no missing values 
in  the data set.
Column Var iab les and Codes
1- Face-to-face grader 's  score on the M in ia tu r ized  Rod
and Frame Test
2. Face-to- face grader 's  score on the Group Embedded
Figures Test
3. Face-to-face grader 's  sex
4. Score on u n i t  I ca lcu lus te s t  given by face- to - face
grader
5. Non-face-to-face grader 's  score on the M in ia tu r ized
Rod and Frame Test
6. Non-face-to- face grader 's  score on the Group Embedded
Figures Test
7. Non-face-to- face grader 's  sex
8. Score on u n i t  I ca lcu lus te s t  given by non- face-to-
face grader
9. Student 's sex
10. Student 's score on the algebra subtest o f  the p re tes t
11. Student 's score on the tr igonometry  subtest of the
p re tes t
12. Student 's score on the Group Embedded Figures Test
13. Student 's score on the M in ia tu r ized  Rod and Frame Test
14. Score given by non- face- to- face grader on common exam 1
15. Score given by non- face- to- face grader on common exam 2
16. Score given by non- face- to- face  grader on common exam 3
3 1 7 1 7 1 8 1 8 n 6 3 n
1 9 1 7 2 8 4 1 2 1 5 O 9 5 1
3 4 1 4 -;> 9 0 1 2 1 7 i 7 8 1
3 0 1 2 2 1 0 0 3 4 1 8 i 9 8 1
1 6 1 1 n 8 8 1 2 1 7 i 8 9 o
2 0 1 7 n 9 9 2 3 1 8 2 8 3 2
1 1 6 '? 7 6 3 1 5 2 7 7 1
8 1 7 2 7 2 9 . 1 3 n 6 0 -,i
1 9 1 3 -} 9 5 2 5 1 7 n 9 2 1
1 3 1 4 '•> 8 6 2 5 1 8 1 8 0 2
8 1 5 n 8 5 8 1 7 1 8 5 n
4 2 1 7 1 9 5 2 1 1 4 9 5 n
1 8 1 6 8 8 1 2 1 6 8 3 '!>
1 6 1 7 8 5 1 0 1 5 1 7 3 '■>
2 1 1 4 7 5 1 4 1 6 1 7 6 2
1 8 1 8 1 5 2 9 1 7 '■> 1 5 '!>
1 7 1 6 n 8 2 1 6 1 2 1 8 5
1 2 1 6 1 5 1 9 1 6 1 4 4 .1
8 1 2 o 4 0 7 1 8 5 2 2
1 2 1 5 1 7 9 7 1 6 2 7 4 1
1 1 1 5 1 8 3 8 1 3 7 3 ':>
3 6 1 7 2 9 7 1 5 1 5 1 8 3 o
3 8 1 5 '.) 6 0 3 0 1 5 3 9 n
2 9 1 6 9 5 n n 1 4 1 8 9 1
6 1 6 1 1 0 0 9 1 6 n 1 0 0 n
1 1 1 8 r> 7 1 6 . 1 5 1 7 9
3 1 3 1 4 6 5 1 6 -;> 5 9 2
2 9 1 3 n 9 0 1 7 1 7 1 8 9 1
1 3 1 2 2 1 0 0 4 1 6 2 1 0 0 9
1 2 1 8 n 7 4 4 1 7 1 7 1 n
1 3 7 1 7 1 0
1 3 5 1 8 1 9
1 4 3 8 1 3
1 6 8 1 8 3 3
1 0 3 9 9
1 6 4 6 '> ')
1 2 3 1 8 2 1
1 0 3 1 6 1 . 1 .
1 5 5 4 2 1
1 4 1 1 5 1 9
1 9 5 . 1 8 . 1 3
'.> 4 1 7 '■> 7/
9 4 9 1 0
1 5 1 4 7
1 2 ' i 1 4 3 2
1 4 2 9 5
1 3 5 1 7 4
1 3 7 . 1 7 9
2  2 7 1 7 2 0
1 8 7 1 7 2 7
2 1 3 9 1 9
1 7 5 1 5 '>
1 2 4 1 6 2 3
1 3 1 3 6
1 5 0 1 0 4 3
1 4 3 1 1
2 0 6 1 5 1 4
2 0 6 1 8 1 0
1 0 6 3 2 8
1 2 9 . 1 5 1 6
1 7 5 1
4 2 7 1
2 7 6 1
3 3 6 8
2 8 5 0
4 1 7 4
3 4 6 0
3 8 5 7
3 3 7 4
2 0 6 4
2 8 5 7
. 1 6 7 1
4 8 4  4
6 3
4 2 7 1
2 3 7 1
3 1 7 1
3 2 4 2
3 8 7 3
2 8  . 6 8
2 8 5 8
2 0 7 4
1 1 6 0
2  4 7 0
2 0
2 9 7 0
1 6 7 1
3 4 5 8
5 1 7 3
2 9 6 8
roro
53
52
5 0
5 7
6  7
59
53
4 3
57
5 6
5 6
61
6 4
5 1
6.1
5 1
5 2
6 0
6 0
6 3
4 4
7 4
59
6 4
5  5
6 7
4 6
6 1
6 1
6 9
